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NEMATODES INFESTING RED SPIDERLILIES ‘ 

By G. Steiner* 

Principal nemaiologist^ Division of Nematology, Bureau of Plant Industry^ United 
States Department of Agriculture 

INTRODUCTION 

In various lots of diseased red spiderlilies (Lycoris radiata Hei’b.),® 
submitted in recent years to the Division of Nematolo^y, several 
parasitic nematode species have been observed. One lot of red 
spiderlilies, grown near Hamlet, N. C., and submitted in January 
1933 by R. W. Leiby, State entomologist, Raleigh, N. C., harbored 
the bulb or stem nematode, DUylenchus dipsaci (Kuhn, 1868) Filipjev, 
1930, in the bulbs and loaves, and an undescribed species of Roty- 
lenchus in the roots. Three lots were submitted by N. R. Hunt, of 
the Bureau of Entomology and Plant Quarantine, U. S. Department 
of Agriculture. The first of these, from Castle Haync, N. C., con¬ 
tained the two nemic species just mentioned. The second, originating 
from Westminster, S. C., was infested by the bud or leaf nematode, 
Aphelenchoides fragariae (Ritzema Bos, 1891) Christie, 1932. The 
third, from Peochland, N. C., contained the above-named D. dipsaci, 
A fifth lot, from Lexington, S. C., submitted by G. M. Armstrong, of 
Clemson Agricultural College, had roots infested by the Rotyle^chus 
mentioned above. 

DITYLENCHUS DIPSACI AS A PARASITE IN THE BULBS AND 
LEAVES OF THE RED SPIDERLILY 

The former Anguillulina dipsaci (Kiilrn, 1858) Gerv. and v. Ben., 
1859, was recently made the type species of a new genus, DityUnchus,^ 
The name Ditylenchus dipsaci is therefore used here as the new scien¬ 
tific term for the well-known bulb or stem nematode. Of tlie two 
occurrences of this form in the red spiderlily (for general appearance 
of tliis plant, see fig. 1), the one from near Hamlet, N. C., is of special 
interest, because in this case the infestation probably originated from 
infested narcissus bulbs growing next to the red spiderlily. Few 
cases have been observed of such apparent natural transfer of the 
bulb or stem nematode froni one host to another. The close botanical 
relationship and the similarity of the bulb structure of the red spider¬ 
lily to that of the narcissus may account for such a transfer. The 
disease symptoms in the red spiderlily bulb, which are shown in 
figure 2, A, very much resemble those produced by the same parasite 
in narcissus bulbs. Of 40 red spiderlily plants examined from this 

1 Received for publication October 0. 1937; issued March 1938. 

> The author is indebted to Mrs. Florence Albin. of the Division of Nematology, who assisted in the 
pr^aration of the text figures, and to E. Artsoh wager, of the Division of Sugar Plant Investigations, Bureau 
of Plant Industry, who aided in the interpretation of the root tissues. 

3 This materiid bad been submitted under the name nerine lily {Nerine sarnUnsis Herb.). B. Y. Morrison 
and S. F. Blake, of the Division of Plant Exploration and Introduction, Bureau of Plant Industry, however, 
determined the host plant to be the red spiderlily {Lycorit radiata Herb.). The nerine lily is therefore 
wrongly recorded as a host of Ditylenchus dipsaci (Kfihn) Filipiev (see; Steiner, G., and Bithrer, E. M. 
NOTES ON NEMIC DISEASES. U. S. Dept. Agr. Plant Disease Keptr. 16: 169. 1032. [Mimeographed]). 

* Filipjev, 1. N, ON THE GLASSIFICATION OF THE TYLENCHiNAE. Helminthol. Soc. Wash., Proc. 3; 80-82. 
1936. 
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ou»K 1 —Red spiderlUiGS from Hamlet, N. C , with roots infested by Rotylenebus hrachywus n. sp. X 

ication, however, oidy 2 harbored the bulb or stem nematode, whereas 
le RotyUnchus species was present in all of them. 

The “brown rings” are not so clear-cut in the red spiderlily bulbs as 
L the narcissus bulbs, and the infection apparently spreads more in a 
idial direction. During the growing season the nemas are also 
•und in great numbers in some of the leaves (fig. 2, B), but here the 
(action of the red spiderlily as host is quite mff^nt from that of 
je narej^iis. Observations extending over a period of 8 years did 
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FiouES 2.-^At Bod spidoriily bulbs infested with the bulb or stem nematode, Dttylenchus dipsact Crobs 
sections tlurough two different bulbs, sections through each bulb in vertical arrangement, nock region at 
top; basal region at bottom. X B, Red spiderhly loaves infested with the bulb or stem nematode, 
JHtylenchus dipaaei. Actual sise. C. Cross section through red spidoriily bulb infested with the bud or 
leaf nematode, ApMenehoulet fragariae. X A Cross sections through red spidoriily bulb infested 
with Cephalobus perngnta. XH M* Photomicrograph of Rotytenchua braihyvnn siwcimens on roots of 
the red splderlily. X w. Rf Profile view of a root portion of the red si dderllly with Rotylenehvs braehyurua 
si»oclmons attached to surface. X 14, 
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not disclose ‘^spickles” or otherwise deformed leaves in greenhoiise- 
grown red spiderlilies. The affected areas of an infested leaf tnm 
yellow and then brown, and the leaf finally collapses and decays. 
As far as observed, this disease is not so virulent in red spiderlilies 
as it is in narcissus. It develops rather gradually over a period of a 
year or more but eventually kills the plant. It spreads very slowly 
to new plants. On the other hand, the nematodes were able to main¬ 
tain themselves in these hosts under environmental conditions (green¬ 
house (luring the hot Washingtem, D. C., summer) under whicli 
narrnssus bulbs have been found regularly to lose their parasites. 
The dimensions of specimens from the red spiderlily bulbs are well 
within the knowm range of the spc'cies, although close to the lower limit, 
the size being ratluu’ small. The measurements are as follows: 

9 : Total lengtl)--1.2 to 1.3 ami; «—36. to 51., (9 — 6.7 to 7.8, 7— 15.8 to 21., 
V —80 to 84 percent; distance vulva to anu8, about twice length of tail. 

d’: Total length-1.1 to 1.3 mm; a-=48. to 57.6, ^-=7. to 8.8, 7 - 17. to 18.2. 

ROTYLENCHUS BRACHYURUS N. SP. AS A ROOT PARASITE OF THE 

♦RED SPIDERLILY 

«• 

There are h'W published records concerning the plant-pathological 
signiflcan<*e of the hoplolaiins and related forms siudi as the tylen- 
chorhynchs and the rotylen<*hs. This group, however, is of much 
more significance in ])larit patliology than records would indicates 
The writer possesses data showing tliat representatives of tliis gi-oup 
arc especially numerous in tropical and subtropical regions, wher<‘ 
many*species affect a A ariety of crops and trees. TJie new spta it's of 
Rotylenchus is undoubtedly a parasite of tlu^ root (fig. 1); in only one 
instance w^ere specimens seen attach('d to the surface of a bulb of the 
r('d spiderlily. Unlike the hebu’oderas, the luwv species is of the va¬ 
grant type of plant-])arasitic nematodes, apparently migrating in and 
out of a root, often feeding from the outside (figs. 2, F; 3, ('), Fre¬ 
quently wdiole nests of s})ecimens are found, manifestly always in the 
root, ('xodermis (fig. 3, A, Vf), feeding on the cell contents, breaking 
up the tissue, and opening it for decay. 

Specimens have not been obseiwed t<f’penetrate into a root beyond 
the oxodermis. The reasons for this behavior are not known. Suber- 
ized cells, wliich might form a barrier, ai*e appanmtly absent from 
the tissue from the exodermis inward. Tliickened cell walls delimit 
the exodennis on its surface (fig. 3, A), but they were evidently no 
liindrance to penetration by the nemas. It may be mmarked, how¬ 
ever, that in younger roots, with the epidermis still present, these 
thickemed cell walls are seen only at intervals (fig. 3, A?), the nemas 
having therefore ample opportunity to ptmetrate between them. Even 
so, it is thought that such tliickened walls would not form a mechanical 
obstacle to a species wdth a buccal stylet of such strength as that of 
the new species of Rotylenchus, The damage caused by these roty- 
lenchs in their hosts is doubtless of less significance than that pro¬ 
duced by the heteroderas and similar forms. The rotylenchs attack 
only the exodennis, and it appears that the host may withstand such 
injury to a high degree although the production of flowers may be 
checked to some extent. 

Eggs are deposited within the exodermal tissues, apparently in an un- 
segmented sta^e, the larvae developing within the plant tissues. 
That this species leads an exclusively parasitic mcMe of life is also 
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Fkiuiie 3.- .'1, Part of a cross section through a root of a red spidorhlv with neniatodes {Rotyfaichus bra- 
chyurunn sp.) in the exodermis; thkndclwl, thickened walls of cells originally separating the epidermal 
cell layer (which has disappeired) from the exodermis. X 120. /i, [.rongitudinal (tangential) section 
through part of an infested root of a red spidenily; nematodes are again found only in the exodermis* 
thk na cl wl, thickened walls of cells, here separated by long intervals X 120. C Surface v lew of portion of 
red spiderhly root with a nest of neniatodes (R. brachyvrus n. sp.), some hanging (»n the outside with onlv 
the head i>ortion inside the tissue. X 75, 

suggested by the frailty of the rectum, the apparent reduction of the 
intestinal cavity# and the opacity of the intestine itself, which is- 
filled with reserve material that makes it appear dark. Although 
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several luindred spociineiis were expniiied, no males wore observed, 
wliich suggests that the species is either hennaphroditic or partheno- 
genetic. 

In ligiire 4, B, a sket(di of the molting head end is given, which 
deirionstrates that here, as in other tylenchs, only the anterior, i. e., 
the conical portion of the buccal stylet is shed, including the wall of 
the buccal cavity with its thickened portions to the same distance 
posteriad. The whole cuticularized framework with its processes is 
pari, of the cuticle. The fact that the cylindrical portion and the 
basal knobs of the stylet are often indistinct in molting specimens, in 
contrast to the distinctness of the anterior conical part, deserves 
Sf)ecial mention. These two portions of the stylet are manifestly not 
only of different origin (ectoderm vs. entoderm) but also of different 
substance. 

TECHNICAL nESCRTPTTON 


Rotylenchus brachyurus n. sp, 

Body n.'sually sickle-shaped or curved in form of loose spiral (figs. 2, E\ 3, C; 
4, K)j cylindrical; tail end h**oad, even concave (fig. 4, F)^ obtuse; anterior end 
taiHjring cepbalad of intesthie. 

C\iticular annulation often rather obscure except on tail end, where distinct. 
Annuli about 1.5// wide, laterally ititerrupted hy three lorigitudinal bands repre¬ 
senting the lateral fields. They begin in middle region of unprotrudiid buccal 
stylet (fig. 4, //), are subdivided by transverse striae in esophageal region (fig. 4, 
J/, /), then plain (fig. 4, ./), and end close to tail terminals (fig. 4, Ey G), Annu¬ 
lation oTi tail following contour of end (fig. 4, /?, G). Scutellumlike phasmid 
circular to oval, located in latitude of, or slightly posterior to, anus. L.ntcral 
bands^anteriorly (fig. 4, H) beginning as one, separating into two and then three 
just in front of middle esophageal bulb, then conthiuing to tail end (fig. 4, E, G, 

If #/). 

Head well set off, conoid obtuse, wdth five annuli and heavily cuticularized 
framework (fig. 4, /)}. First annulus behind head, with somewhat heavier 
cuticularization (fig. 4, A, B). Buccal stylet strong, about 29// long, with almost 
splierical basal knobs, which are only slightly flattened anteriorly; just back of 
head a distinct conical guiding ring for this stylet (fig. 4, yl, B). Esophagus 
typical; isthmus and terminal portion very slender, esophageal glands over¬ 
lapping intestine; end of esophagus set off from intestine, with vestigial, exceed¬ 
ingly small valves (fig. 4, C). Intestine opacpie, cell walls obscure, cells filled 
with globular reserve material. Rectum indistinct, almos 1 obscure; anus only 
about 10 annuli from tail end. 

Excretory pore always in latitude of last esophageal gland, i. e., behind beginning 
of intestine. 


Female sexual apparatus amphidelphic (fig, 4, A"), anterior as w^ell as posterior 
branch to left of intestine, each branch about 22 to 25 percent of total body 
length. Ovaries outstretched, narrow, consisting of few cells in single scries. 
Oviduct very short, uterus wdth only one egg at a time. Eggs ai)parently depos¬ 
ited unsegmented. Vagina with thickened walls, loading straight inward. 
Opacity of intestine often renders close study of female apparatus difficult. 
Propagation ajjparontly hermaphroditic or parthenogenetic. 

Measuremenifi .—Total length—0.72 to 0.89 mm; a--^22.4; iS--5.6 to 6.4; 
T~47.to 80.; V —59 to 61 percent; eggs —24//X68// (fig. 4, L). 

Diagnosis." -Apparently hermapliroditic or parthenogenetic Hotylenchm; 
cuticle differentiated on lateral fields into three longitudinal bands, two outer 
ones beginning in region of buccal stylet, separating into three just anterior to 
middle esophageal bulb, and then continuing past phasniid close to tail end; 
esophageal portion of these bands areolaby transverse striae; these correlated 
to annulation of cuticle. Scutellum-shaped phasmid oblong to circular, in 
latitude of anus. Annulation following contour of tail end. Tail short, broad 
obtuse, end sometimes concave, its length one-half to three-fourtlis of anal body 
diameter. Head with five annuli and strong cuticularized framework. Buccal 
stylet strong, with spherical, anteriorly slightly flattened but not indented basal 
Imobs. Wall of vcstibulum surrounding conical portion of stylet thickened, 
.thus forming a guiding ring. 


Type hcality .—North Carolina. 
Type host.—Lycoris radiaia Herb. 
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PiOTjitK *.—RotyUnehta traehimnu n. sp. A, Head en^ caJ, cutieular framewort; raff, guiding ring, 
i5ro<w«c, protractor muscle Of bucscal Stylet. X 1,750. i?. Molting head end. X 1,260. C, Anterior end of 
body >^66 X>, Front view of head* amph, amphid; ppl, cephalic papilla; cut, cuticiilar framework; atlt, 

stylet X 1,710 E, Tail end of female: p«o«, phasmidiai scutellum. X 1,250. F, Tail end of female with 
slightiy concave’ terminu% X 666. G, lAil end of female, another variation. X 666 11, Detail of anterior 
end of lateral bands. >0,260. I, Detail of lateral bands in region of esophageal isthmus. X 1,260. J, 
l>etail of lateral bands in postesophageal region. X 1,260. JT, View of female sexual apparatus in its 
position in the body. ><200. JCp,lBgg. X^. 
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APHKLENCHOIDES FRAGARIAE AS A PARASITE OF THE RED 
SPIDERLILY BULB 

Figure 2, T, represents a cross section through a red spiderlily bulb 
parasitized by the bud or leaf nematode, Aphelenchoyles fragariae. 
The disease symptoms produced in the bulb are also of the brown 
ring’^ type and resemble those produced by Ditylenchus dipsaci in red 
spiderlily bulbs and those so well known in narcissus bulbs. The 
dimensions of the present specimens agree well with the type; measure¬ 
ments of a female were as follows: 

9 : Total length-=0.76 nim; a~51; 7 —lh.8; V —67 percent. 

CEPHALOBUS PERSEGNIS CAUSING BROWN RING SYMPTOMS ON 
THE RED SPIDERLILY BULB 

In the lot of 40 red spiderlily bulbs referred to above as infested w ith 
Rotylenchus hrachyvrus, there was a single bulb which, besides Ixdiig 
affected by R. hrachyuius^ on being cross-s(H*tioned exhibited ring 
symptoms as shown in figure 2, 1). These proved to harbor numerous 
specimens of Cephalobus persegnis Bastian, 1805. 

DORYLAIMUS SUBTILIS AS lA ROOT PARASITE OF THE RED 

SPIDERLILY 

Dorylawtns subtllis Thome and Swanger, 1030, has been ])r(»vit)usly 
recoi^led only from the State of Utah.® The finding of rather numerous 
specimens in roots of the red spiderlily from Hainlet, N. C., suggc'sts, if 
not a parasitic, at least a semiparasitic, mode of life in plant roots. In 
male s])ecimens there w^ere six to eight so-called supplements, i. e., 
series of ventromediah preanal papillae, separated from the adanal 
papilla by about the length of the spiculum. This species was also 
observed in roots of the narcissus, variety Olympia, growm in (^istle 
Hayne, N. C. 

SUMMARY 

Red spiderlilies {Lycoris radmta Herb.) in the South Atlantic region 
of the United States are subject to the attacks of the following plant- 
parasitic nematodes: Ditylenchus dipsaci (Kuhn) Filipjev, the bulb or 
stem nematode; Aphelenchoides fragariae (Ritzema Bos) Christie, the 
bud or leaf nematode; and Rotylenchus brachyurus n. sp., a new 
entoparasite of the vagrant type, attacking the root exodemiis 
exclusively. In one instance, the infestation by the bulb or stem 
nematode is considered as having originated from narcissus by an 
apparent natural transfer from that host. The symptoms caused by 
If dipsaci and A. fragariae in the red spiderlily bulb are brownish 
rings similar to those produced by these parasites in narcissus bulbs. 
Cephalobus persegnis Bastian likewise was found as the apparent 
cause of brown rings in red spiderlily bulbs, although experimental 
proof of this relationship is lacking. Dorylaimus subtilis Thorne and 
Swanger was also found as a root parasite but is obviously of little- 
significance as a disease agent. 

* Thorne, G., and Swa^nger, H. IT, a monoorawi of the nematode genera dorylaimus dujardin, 
APORCELAIMUS N. O , DORYLAIMOIDES N G. AND PUNGENTU8 N. G. Capita Zoologica V. 0, pt. 4, 233 pp., 
iilus. The IlaKue. 1936. 



INITIAL TESTS OF THE DISTANCE OP SPREAD TO AND 
INTENSITY OF INFECTION ON PINUS MONTICOLA BY 
CRONARTIUM RIBICOLA FROM RIBES LACUSTRE AND 
R. VISCOSISSIMUM ■ 

By T . S. Buchanan and J, W. Kimmey, asaistant pathologistfif Division of Forest 
Pathologyy Bureau of Plant Jndustnjt United Elates Department of Agrtculiure^ 

INTRODUCTION 

Tlie (lis(H)vory of wluto-])iiie blister rust (Crouartium ribicola Fisoh.) 
infections in British ColuinhiH, Canada, in 1921 (p) ** and the extension 
of the known range as d(‘terniined in 1922 ^ jiointed to the ultimate 
discovery of the (lisease in IIk^. valuable western wliite pine {Pinus 
monticola Dough) stands of noidbern Idaho, western Montana, and 
northeastern Washington, particularly in nortlKun Idaho, adjacent 
to th(‘ international boundary. Preliminary (‘ontrol measures were 
instituted in the West in J922.^ Following the general procedure 
(‘inployed in the East, wJiere blistcu* rust control was already in ojiera- 
tion, the Olhce of Blist(‘r Rust (\)ntroD of the Bureau of l^lant 
Industry confined its initial efforts chielly to enforcement of plant 
(|uarantine regulations, eradication of the highly susceptible European 
black currant tiUjnitn L.),” and (»xperirnental eradication of 

native forest ribes ^ ^ (/;>'). During the same year tlie Office of 

Forest Pathology,^‘ Bureau of Jdant Industry, initiated various 
studies on the life history and characteristics of the causal organism 
and the reaction of its hosts. 

In the spring of 192(S blister rust was found on western white ])ine 
at Newman Lake, Wash., and in the fall of th(‘- same year it was noted 
in Bonner, Idaho, and in Shoshone and Clearwater Counties in 
northern Idaho, but on ribes only. In 1929 it was found on pines in 
Clearwat(‘r and Shoshom* Counties {13). These discoveries showed 
conclusively that blister rust had, as anticipated, invaded the wdiite 
pine area, and by 1930 local control, as planned in the large-scale 
blister rust control program (I, d), was under way. 

1 Jieueived for publioalion April 2, 1937, issuod Marrh 193S 

2 The authors are indebted to (3 H. Cosey, fornierlv of the Hureau of Eiitoniolouy and Plant Quarantine, 
I' S Deimrtment of AKiieulturo, uho first iHiiuted out the desirability of makiiiK tliese tests, and to J. L 
Mielke, of the Division of Forest PutholoKy, and H. G Lachiiiund, formerly of the same Division, for the 
initiation of this study. W F ('uniinins and A. A. MeOready, formerly of the same Division, rendered 
valuable assistance in the collection of the basic data Acknowledgments are also extended to Di. 11. T 
OU.SSOW, ohhe Dominion of Canada Department of Botany, and to G P Melrose, of the British Columbia 
Forest Branch, for their friendly cooperation in the work carried out in British (Columbia 

J Reference is made by number (italic) to Literature Cued, p 29 

* Davidson, A. T white pink blister rust in British Columbia. (Report on Canadian conditions 
and work.) 3rd AVestern White Pine Blister Rust Conf, Portland, Oreg , 1922. Rept. Proc , pp. 9-22. 

I Mimeographed.) „ , . 

* PO.SKY, G. B REPORT OF WORK PERFORMED BT W'ESTERN OFFICE OF BLISTER RU.ST CONTROL. 3rd West¬ 
ern Wiiite Pine Blister Rust Conf, Portland, Orejs. 1922, Rept. Proc , pi) .'i 9 | M imeographed ] 

® Now the Division of Plant Disease Control, Bureau of Entomology and Plant Quarantine 
7 PosKY, G. B. See footnote 

» The common noun “ribes" is used to include siiecies of both Rihes and Grosxularia 

* WYCKOFF, S N. REPORT OF WORK OF THE WESTERN BRANCH, OFFICE OF BLISTER RU.ST CONTROl., SEASON 
OF 1024. Western White Pine Blister Rust Conf., meeting of trustees, Seattle, Wasli, 1924, Rept Proc , 
pp. tV-8 [Mimeographed ] 

10 United States department of Aork-ulturk, Bureau of Plant iNDvrsTRv report of the west¬ 
ern BRANCH, OFFICE OF BLISTER RUST CONTROL, TO THE EKECUTIVK COMMITTEE OF THE WE.STERN WHITE 
PINE BLI.STER RUST CONFERENCE FOR THE PERIOD APRIL 1 TO NOVEMBER .10, 1021. 20 pp. [Mimeographed.] 

1* Now the Division of Forest Pathology 
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Surveys and studies conducted bv the Office of Blister Rust Control 
and by the Office of Forest Pathology indicated that the stream 
bottoms were the most imminent sources of danger because of the 
combination therein of concentrations of the most susceptible native 
ribes with the most favorable climatic conditions for intensification 
of the rust (IS). Consequently control effort was directed piimarily 
to the stream types, to which the highly susceptible wild black 
currant (Ribes petiolare llougl.) and white-stemmed gooseberry 
(R. vnerme Rydb.) are confined, and where the less susceptible but 
numerically important prickly currant (R. hicustre (Pers.) Poir.) 
also occurs (.9, 13). 

The place in the control program of the upland types, characterized 
by abundant and widely scattered prickly currant and sticky currant 
(Ribes viscosissimum Pursh) (fS), was not so clear. Tests of these 
two species had shown them to be relatively low in siisceptibilit}’^, 
with the prickly currant apparently the less menacing (.9). In spit(^ 
of the low susceptibility of these two species, their wide range in habi¬ 
tat and consequent closer association with stands of western white pine 
made their consideration in the control program imperative. That 
dense concentrations of these two species should be eradicated was 
fairly obvious, but where they occurred scattered over large areas th('. 
need for their partial or complete eradication was doubtful. In an 
attempt to secure more definite information on the subject, the Office 
of Forest Pathology found it possible to begin field work in British 
Columbia in 1928 on so-called ribes-to-pine spread plots wffiercin the 
capacity of the prickly currant and the sticky currant for spreading 
damaging infection to western white pine would be tested. Similar 
studies are now being conducted in Idaho, where the results obtained 
will be directly applicable to the conditions existing in the white pine 
stands of that State. The prestmt paper reports the results of the 
investigations that were carried out in British Columbia. 

EXPERIMENTAL PLOTS 

SELECTION AND PREPARATION 

The ideal conditions for the study would have boon afforded by a 
series of areas wherein only one bush or one compact group of bushes 
of the desired ribes species existed at the center of a group of unin¬ 
fected pines of uniform distribution. If this central bush should have 
become infected and spread infection to the surrounding pines, then 
all resultant pine infection would have been directly traceable to that 
bush, and if the amount of telia produced were known a measure w ould 
have been secured of the capacity of that species for spreading infec¬ 
tion under natural conditions. To find a series of such areas was 
obviously not feasible, leaving as the best alternative the following 
approximation of the ideal. 

Areas of uninfected western white pine of such a size as to permit 
their ready and thorough examination were located. On each 
selected area all ribes present within a block 990 feet square (22.5 
acres), except those left at the centers to be inoculated, were eradi¬ 
cated as a precaution against extraneous pine infection. Periodic 
check eradications prevented any reestabUshments, As a further 
precaution all ribes concentrations within a strip approximately 330 
feet wide around these areas and, when necessary*, within one-haljf 
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mile of the area boundaries, were removed. If native ribes did not 
occur at a desired center, nativ^e bushes were transplanted to form the 
center. These central ribes bushes, of known footage of live stem, 
were then inoculated in the spring of the year by dusting them 
with viable aeciospores immediately preceding a rain. Periodically 
throughout the season the resultant telia production was recorded. 
On some of the areas two successive tests were conducted (1928 and 
1930), 1 year being allowed to elapse between inoculations of the 
central ribes to permit proper segregation of the resultant cankers on 
the pines. Plans for furtlier tests on these plots were canceled as 
soon as it became possible to initiate similar studies in Idaho, and 
all central ribes were then destroyed. 

On ciach selected area a study plot was established on which all 
pines within 150 feet (farther foi* the 1928 infection on two plots) of 
the central ribes were assigned a number and their localioits (*arefully 
mapped. Ch*own length, (‘rown width, and number of needles (^) 
were then d(‘termincd for each of the trees for the same 3 ^ears in which 
the central ribes were in(»ciilated. All trees w^ire given several exami¬ 
nations at later dates to locate the cankers which had developed 
therein as a result of the infection on the central ribes. 

While the danger of increasing the spread of the rust in the locality 
as a result of tlicse experiments was practically nil, sucli remote 
danger as maj^ have been involved was eliminated by selecting ex¬ 
perimental areas within the infected regions of British Columbia 
where ])ine and ribes infection occurred sporadically and where, 
because of the scattered occurrence of the pine stocking and the high 
cost of control measures on these rugged sites, control measures were 
not contemplated.^^ Permission to conduct the experiments in the 
areas selected was granted by the proper Dominion and Provincial 
authorities prior to the establishment of the study plots. 

CLIMATIC AND ECOLOGICAL CONDITIONS 

In the selection of stud}' areas in British Columbia the priiicipal 
consideration was to locate them so as to approximate the climatic 
conditions found within the commercial range of western white pine 
in Idaho. In 1928 seven suitable areas wore located, two approxi¬ 
mately 40 miles and five approximately 100 miles north of the Idaho 
line, in the interior white pine belt of British (Columbia, the northern 
extension of the white pine section of northern Idaho, western Mon¬ 
tana, and northeastern Washington. The first two areas were near 
Nelson, at Hall and Apex, respectively, and the last live were near 
the north end of Slocan Lake at Hunter\s Siding, near New Denver. 
The pertinent climatic data on record for these two localities in British 
Columbia are compared in table 1 with similar data for stations 
typical of the range of white pine in Idaho. 

J* Davidson, A. T. results of past season's work, present situation, and future plans. Western 
White Pine Blister Bust Conf., meeting of trustees, Spokane, Wash.. 1924, Kept. Proc., pp. 7-20. [Mini* 

^ I—**buster rust activities in BRITISH COLUMBIA. Western White Pine Blister Bust Conf., meeting 
of trustees, Seattle, Wash., 1924, Kept. Proc., pp. 9-11. [Mimeographed.] 
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All study areas were located in old burns. TJie stands were ty])ical 
ot reproduction on burned areas in the white ])ine region, on which 
Salix spp., Betula spp. and Fopulus tretmdoides Alichx, are the most 
common deciduous species and western wdiitc pine the most abundant 
conifer. The vej 2 :ctation had reached that sue(*essional stairo wlierein 
the conifers were just he^inninjx to overtop and suppress the [)roa(ilojif 
species, except on tw'o of the Hunter’s Siding areas. Tlie w hite pine 
reproduction on those two areas was much smaller, tlie burn being 
more recent and more severe tlian mi the other areas. 

The Hall and Apex plots liad Ribes viscoslssitnvtn plants growing 
7iaturally at their centers, and three of tXie plots at Tlimter's Siding 
had R. laeustre plants growing naturally at their (‘enters. The two 
remaining plots at Hunter's Siding wore free of ribes. R. viscosissi- 
mum bushes were transplanted at selected centers on these two latter 
plots. 

Tlie three plots at llunter’s Siding which had ribes growing natu¬ 
rally at the centers will hereafter be referred to as laeustre plot No. J, 
laeustre plot No. 2, and laeustre plot No. 3. The two Ribes viseosis- 
smiujn plots near Nelson will be designated as the IIall and Apex 
plots. The two plots at Hunter's Siding on which ribes plants w^ere 
set out at the centers will be referred to as viscosissiimim })lot No. 1 
and vis(‘()sissimuin plot No. 2. 

The Ilall and Apex plots were natural Ribes vlscosissimum sites. 
The soil consisted of w(il-drained clay loam, with a slight admixture 
of sand and gravel, and a thin huinns layer. Both plots had medium 
slopes with southerly exposures. Their elevations approximated 
3,000 feet. \'cgetation w^as mixed broad-leaved and conifer, chief 
among t^e former being Betula spp., Fopulus tremvioides, Alnus spp., 
and ScSii^M spp., and among the latter Finus mordicola^ F. contorta 
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Dou^l., Pseudotsufia taxifolm (Lam.) Britt., and Larix occldentalis 
Nutt. A fairly douse shrub story of Oeanothvsi saricjuinevs Pursh and 
PachMma myrHtndes Raf. was present on tlic Apex plot, and scattered 
hushes occurred on the Hall plot. Wliite pine rej)rodu(*ti<)n within 
the ir)0-foot radius on the Hall plot in 1028 ranged from 0.1 to 30.0 
loot in height, mainly between 5 and 15 feet, and averaged 7.4 feet, 
and the stocking was eciuivalent to 150 pines per acre. Pines within 
the 150-foot radius on the Apex plot ranged from 0.1 to 34.5 feet high, 
averaging 7.8 feet, with 217 trees per acre in 1028. 

The three Rihcs lacmtre jdots at Hunter's Siding varied but little 
from 2,000 feet in elevation and were situated on gentle slopes with 
soutlierly exposures. Jloro. again the sites were typical of the ribes 
species present. The trec^ species found were similar to those at 
Hall and Apex, with the addition of Popiilm trichocarpa, Torr. and 
Or. and Acer (jlahram Torr. to the broad-leaved group and Thvja pli- 
rata 1). Don and Tmya heterophylla (Raf.) Sarg. to the coniferous 
group. The sliriib cover consisted principally of Rubus jnirviforus 
Nutt., Pieridium aqulUnum pubescent linderw., Pornus dalonifera 
Michx., and Pachislhna. The soil vas similar on all plots, being a 
mixture of sand, gravel, and silt covered with a. luiinus layer deeper 
than that on tlie Hall and Apex plots. Because of two .small, jnulti- 
forked (‘reeks and numerous springs on lacustre plot No. 1 the amount 
of moisture on this plot was grea.t(*r than on either of the two othcu’ 
RIbe.s lacustre plots. Howevcu’, th(‘se streams w(‘re not in draws of 
sufficient de|)th to appn‘cia.bly influence local air (Mirrents. There 
was a .shallow draw through (he center of lacustre ])]ot No. 2 d#wn 
which whaler flowed only in the very early spring. A small stream 
flowed through the center of lacustre plot No. 3 the entire year. This 
stream meandered through a flat, roughly 100 yards wide, adjacent 
t.o a hill arising on the wc^stern edge of the plot. In 1928 lacustre 
plot No. 1 su[)ported 443 wcst(^rn white i)ines per acre, ranging from 
0.3 to 30 feet high and averaging 10.4 feet high; lacustre plot No. 2 
had 550 piiu^s per a,ere, ranging from 0.1 to 43 feet high and averag¬ 
ing 5 find, high; and lacustre plot No. 3 had 104 pines per acre, 
ranging from 0.1 to 40 feet high and averaging 8.8 feet high. 

Tlie tw o Ribes rlscoslssiniiim plots at Hunter's Siding were on ])rac- 
tically level ground, at an elevation of approximately 1,900 feet. 
The soil wa,s a WTll-drained, deep, sandy loam, with a A^ery thin 
layer of humus. Apparently these areas had been repeatedly burned 
until ])ractically all organic matter in the top inch of soil liad been 
(h'.stroyed. Tlie vegetation was less dense but of the same composi¬ 
tion as that found on the Hall and Apex plots. The shrubs Ceanothus 
and Ribes were absent. In 1930 the wdiitc pines on viscosissimum 
plot No. 1 ranged from 0.2 to 38 feet high and averaged 3.2 feet high, 
with 704 trees per ac're. In 1930 on viscosissimum plot No. 2 the 
pines ranged from 0.3 to 35 feet high and averaged 3.9 feet high, wdth 
359 trees per acre. 

PROCEDURE 

In the spring of 1928 the central ribes on the fn^e plots that had 
ribes growing naturally at their centers were inoculated in the manner 
previouslv employed in the large-scale ribes-susceptibility studies (.9), 
and in 1930 the ribes on all seven plots w’^ere inoculated. The central 
plants were periodically examined in the years in which they were not 
inoculated, as a ch5bk on the development of infection upon them. 
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From the time the plants were inoculated in the spring until their 
defoliation in the fall, in both 1928 and 1930, ribes examinations wore 
made at approximately 3-week intervals, and the following types of 
data were recorded for the central plants: Feet of live stem, number 
of leaves, number of infected leaves, percentage of leaf surface infected 
on infected leaves, and percentage of infected surface bearing telia. 
The detailed method of recording ribes infection data has been de¬ 
scribed by Mielke et al. (.9). A complete record of infection for each 
ribes group was thus secured. 

Daily records of rainfall and relative humidity were secured from 
nearby Government weather stations for 1928 and 1930. In 1930 it 
was possible to have at least one man on the plots at nearly all times; 
so supplementary weather records were taken daily on cacli plot from 
the latter part of June until the ribes were defoliated in the fall. 
These records included duration of wet pine foliage, wind observa¬ 
tions, humidity and temperature readings, and general sky and cloud 
conditions. Weather conditions undoubtedly exert a givat influence 
on the development apd spread of the rust (/r>), and some work has 
been published on the relation of jnoisture conditions to pine infec¬ 
tion 14). The extreme complexity of this problem, however, 
makes impossible any accurate analysis of the correlation IxPween pine 
infection and detailed environmental fa(*tors. 

Two years after the 1928 ribes inoculations all pines on th(‘se plots 
were given a thorough examination for blister rust (‘ankc'rs. Periodic 
examinations were made thereafter until tlie late fall of 1933, when a 
totid of seven examinations ha.d been made. This aJlowexl 3}^ years 
after the 1930 ribes inoculation for all cankers to make an appearance. 
All cankers found wpre destroyed before they had produced aecia. 
The results of these examinations afforded some information on the 
distance of spread from the central ribes, and also, when correlated 
with volume of foliage exposed at varying distances, gave the inten¬ 
sity of infection. The following more detailed data were taken on 
each new canker found: Distance of canker or (*ankered branch from 
ground, side of tree, branch or stem, yearns growth entered, and 
stage of developimmt. All branch cankers were further segregated 
into one of the following categories: Will die before entering the 
bole; will enter the bole (years); or has entered the bole. Estimates 
were made on length of time required to kill or damage the tree for 
all cankers tliat were formed directly on the bole and for such branch 
cankers as were eventually to enter the bole, these estimates being 
based on knowledge of canker behavior and growth rates (7). Damage 
was considered to mean the death or malformation of any part of the 
tree sufheient to lower its ultimate merchantability. These data pro¬ 
vided the necessary information for segregating cankers by year of 
origin (6), affording a measure of the infection and subsequent dam¬ 
age secured from each of the ribes inoculations. 

Examination of pines on the plots at both Hunter’s Siding and 
Nelson showed that appreciable infection from the 1928 ribes inocula¬ 
tions had spread beyond the limits of the original 150-foot circular 
plots. In 1930 the spread was again beyond the 150-foot boundaries 
of lacustre plots 1 and 3 at Hunter’s Siding, but examination of the 
Ribes viscosissimum plots, both at Nelson and at Hunter’s Siding, 
and of lacustre plot No. 2 sliowed that few if any cankers had originated 
beyoifd the 150-foot zone. At Hunter’s Siding the^areas on which the 
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IL lacustre plots were located were of such a character that to enlarge 
the plots would have involved a tremendous amount of labor and was 
considered impracticable because of the limited available personnel. 
The character of the areas near Nelson made the enlargement of tlie 
plots there a somewJiat easier problem. To secairc knowledge of 
maximum distance of spread, the two plots near Nelson, the Apex 
and Hall plots, were enlarged to a radius of first 200 feet and then 250 
feet, as dict;ated by examination of pines for infection resulting from 
the 1028 inoculation of ribes. The Hall and Apex plots were not 
extended beyond the 15()-foot radius for examination of pines for 
infection resulting from the 1030 inoculation. 

A very few cankers were found on the areas near Nelson and 
Hunter’s Siding which were clearly not the result of inoculations but 
of natural spread from iissociated ribes prior to their eradication from 
the areas. There is a remote possibility, therefore, that somewhere in 
the results there may be included a canker or two of doubtful origin, 
but such cankers arc certainly not sufficiently numerous appreciably 
to alter the results of these studies. 

RESULTS 

J,)aily records of precipitation and relative humidity procured from 
the weather stations nearest to the study areas showed that in both 
11)28 and 1930 climatic conditions following inoculation of the central 
ribes were apparently favorable (2y pp. 2()f)-21(); 12y 14 ) for the 
develoiunent and uredial intensification of the rust on ril)es, especvilly 
during the month of June. Conditions were not so favorable for pine 
infection during the period of telia development and production of 
sy)oridia, which normally occurs mainly from July (and even somewhat 
earlier on Jtibes lacvs^fre) to early October, precipitation in both years 
having been Ixdow tlie normal not only of th(^ study localities but also 
of stations typical of the Washington-ldaho-Montana white pine 
region. Monthly precipitation records from the Nelson and New 
Denver weather stations and relative humidity records from Nelson 
an', presented in table 2 as an index to the gross ribes- and pine- 
infe(*tion conditions that prevailed during each infection period. 

Table 2. — Comparison of moisture records dtiring periods of possible rust develop^ 

ment on ribes for U)28 and IffdO, ivith long-term averages from weather stations 

nearest experimental plots in liritish Columbia 





rrenpitatioTi ' 



! Keliitive humidity i 

1 _ 

Month 


Nel^^on 


1 New Denver 

1 

Nelson 



192S 

1930 

29 jOttis 

1928 

1930 

1 

jl6 years 

1928 

1930 

jll years 

1 


Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Percent 

Percent 

Percent 

April.. .. 


1.65 

LSS 

1,58 

1 40 

1.78 

60 

67 

64 

May... 

2 50 

1 3.50 

2 Xi 

1.69 

3 40 

2 36 

53 

65 

61 

June.. . . 

4.03 

3.56 

2 61 

4.30 

2 56 

2.48 

68 

70 

67 

July.. 

i 1.17 

. 60 

1 51 

1 75 

.78 

1,08 

65 

00 

59 

August... 

.49 

.68 

1 47 

.77 

1.21 

i.m 

63 

69 

64 

September.. 

.42 

.66 

1.85 

.25 

1.14 

1.80 

63 

68 

74 

October.. 

1 3.14 

3.15 

2.30 

4.67 

3.54 

2.67 

79 

84 

84 

November. 

1.89 

1.99 

2.91 

2.53 

. 69 

2.73 

89 

90 

88 


* Jiecordeil average. 
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Tabic 3 shows the final ribcs-infection data recorded for ea(*li test 
plot each year of inoculation, in comparison with the average as 
determined from previous large-scale ribes-susceptibility tests {9). 
With the exception of the Hml jdot for 1930, all plots inoculated 
showed a higher i)ercentage of leaf surface infected in both 192S and 
1930 tlian had been previously determined as the average. On all 
plots inoculated in 1928, the percentages of leaf surface bearing telia, in 
that yearw ere higher than average. In 1930 this figure was again higher 
than average for all Eibes lacusire plots and for the Apex plot, but 
was decidedly below average on the Hall plot and on the two R. m- 
cosissirnum plots at Hunter's wSiding. Tlie important information 
derived from table 3, however, is that telia were developed on all 
plots whenever the central ribc's were inoculated, and the percentages 
of telia produced ranged from relatively high valiums on the Apex 
plot and on lacustre ])lot N^o. 2 in both years to a relatively low figure 
for viscosissimum plot No. 2 in 1930. 

Table 3.— Perceyitagrs of total leaf surface infected and heaintg telia on nfns at 
centers of experimental plcts in 1028 and 1030 in comparison with the previously 
determ i ned average 



Kibes 


1 Total leaf surface ill- 

! Total leaf surface bear- 

riot 



fccted 



ing telia 



Species 

< fFowth form' 

11128 

11130 

1 \ ver- 
1 age 

IH2H 

1030 

i . 

1 V\cr- 

age ^ 


1 - 



Perci lit 

/*t Trent 

I*erci nt \ 

J*f Trent 

PeTient 

/*eTcent 

Lacustre No, l„_ 

n lacusirt . 

Part shade 

13 2 

6 1 

4 3 

1 H 

2 0 

0 7 

Lacustre No. 2 

_do- -- - 

(>),)en - 

211 4 

2() f) 

3 4 

7 .') 

s 7 

1 

liacustre No, 3 

_do .. 

Fart shade.. 

6 6 

8 0 

4 3 

1 0 

n 7 

7 

Apex .. 

U vw'osiffiii inu m . _, 

Ojien. 

411.11 

21 S 

f> 6 

16 4 

10 7 i 

3 r» 

Tfall.. 

_do . 

.do. 

11 4 I 

4 2 1 

1 6 h 

i 7 

1 7 

3 r, 

Viscosissimum 
No. 1. 

_«]() . 

_d<». 


10 2 

() 0 


1 1 

1 " 






Viscosissimum 
No 2. 

_do. 

_do. 


11 2 

6 0 


.0 ■ 

3 r» 

1 




1_i 



1 "Pait shade”—growing iii partial shade, ”oi)en”*^growing in Ihc open, fully exjjosed to tin* sun for most 
of the day. 

2 Averages from previous large-scale suscei)tibility tests (JO). 


Data secured on the factors of moisture and ribes infection as they 
existed on or near the study areas are graphically presented on a daily 
basis in figures 1 to 6. 

The centers of viscosissimum plots Nos. 1 and 2 were but 18 chains 
apart on an extensive flat. For this reason it was not considered 
necessary to take separate weather records for each. Figure 0 show's 
the moisture data on these twn plots for 1930, the only year in wdiich 
their central ribes were inocuhited. 

In the absence of detailed records, morning dews were arbitrarily 
assumed (figs. 1 6) to have wet the pine foliage at 4 a. m. 

The infections that occurred on the pines of each plot, under the 
conditions shown in figures 1 to 6, are summarized in table 4, along 
with the pertinent data on the ribes directly responsible for this pine 
infection. From this record it is fairly evident that conditions 
obtaining on all plots (figs. 1-6), with the exception of the Hall plot 
for 1930, were such as to enable considerable infection to spread from 
both Ribes lacustre and R, viscosissimum to the surrounding white 
pines.‘ Analysis of weather records and ribes-infeetjon data heretofore 
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FirtURK 1 —Indices? of pine-infectiou conditions during tests on lacustro plot No. 1, Hunter's Siding, near 
New Denver, British Columbia. Kainfall and pen’entage of total loaf surface that was bearing or 
bad borne telia at any particular tune (A, 11128; 1930) Data on telium production were taky only 

at the times indicated bv the pioints on the curves. The form of curves between rmints was determined 
by estimates of the probable development of the rust between these times, basi‘d on the stage of develop¬ 
ment show'n, on weather data, and on general knowledge of typical reaction to the rust of the ribes species 
cxjncerned. The numbers at the points along the curves give the aggregate square inches of leaf surface 
that had borne tolia up to the time iiKlicaled. The rainfall data were taken from records of the nearest 
weather station. New Denver. C, Periods of wet pine foliage, as observed on the plot from late June to 
early October 1930. Diagonal cross hatching represents wetting by rams; stippling, w'etting by dews. 

presented showed that the pine infection that resulted took place 
under very ordinary climatic conditions, such as might be expected 
to occur during almost any summer. 


Table 4 .—Basis of ribes and pines and infection on each resulting from the 1928 
and 1930 inoculations on all study plots 


Plot 1 

Inoc¬ 

ulation 

year 

■ 

Ribei ! 

Pines 

(Irowth form 

Bushes 

Live 

stem 

Surface 
bearing 
tolia * 

Total 

trees 

Aver¬ 

age 

height 

Trees infected 

Total 
can¬ 
kers 3 

Num* 

ber 

127 

101 

50 

26 

28 

107 

283 

5 

43 

0 

25 

IS 

Lacustro No. 1. 

Lacustre No. 2. 

Lacustre No. 3. 

Apex (iJ. visco- 
8is8tmum). 
Hall (JR. msco' 
sisstmum). 

V iscosissimum 
No. 1. 

V Iscosissimum 
No. 2. 

/ 1928 
\ 1930 
/ 1928 
\ 1930 
/ 1928 

1 1930 
/ 1928« 

\ 1930 1 
/ 1928 M 
1 1930 1 

1930 1 

1930 

Part shatlo- 

.do. 

Open. 

.do. 

Fart shade. 

.do. 

Open. 

.do. 

.do. 

.do. 

.do. 

_do. 

Num- 

ber 

10 

10 

5 

* 10 

5 

5 

4 

4 

5 

5 

20 

21 

Feet 

62.4 

74.2 

14.4 
24.1 

328.5 

431,0 

31.0 

40.0 

141.0 

179.0 

59.5 

80.3 

Square 

mche» 

21.9 

16.6 

29.8 

28.4 
175.0 

1,658.2 

170.4 

95.1 

181.0 

69.4 

24.5 

7.3 

Num¬ 

ber 

719 

716 

891 

854 

266 

265 

658 

334 

770 

251 

1,141 

581 

Feel 

10.4 

12.9 

6.0 

6.5 

8 8 
10.6 
10 6 

9 7 
8.0 
9.3 
3.2 

3.9 

Num¬ 

ber 

79 

52 

32 

18 

22 

45 

64 

6 

28 

0 ' 
21 

16 

Percent 

11.0 

7.3 

3.6 
2.1 

8.3 
17.0 

8.2 

1.6 

3 6 

0 

1 8 

2 8 


* All plots wore circular, with a radius of 150 foot, except Hall and Apex, which were extended to 250 feet in 
radius to include pine infections re.$ulting from the 1028 ribes inoculation. 

* Calculated by multiplying estimated percentage of leaf surface that bore toha by total leaf area. Total 
loaf area was calculated from measurements of a portion of the leaves from the central rib( s at each test. 

» The final pine examination was in the fall of 1933, thus allowing ample time for all cankers resulting from 
both Inoculations to make their appearance. . , ^ 

* 6 additional bushes wero^ansiu^ted at the center in 1929 to increase the footage of live stem. 

47419—38 - 2 • 
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To show variations in pine infection with increasing distance from 
the central ribes, data for all plots were summarized bv concentric* 
circles, each of which had a radius 50 feet gi-eater than the preceding 
(drcde. An additional circular division was made at a radius of 117.75 
feet to show results on the 1 acre closest to the central ribes. In 
obtaining these data it was found convenient to map the location of 
all pines and to show on the same chart the location of all infected 
trees with their respective number of cankers. For purposes of 



illustration figures 7 and 8 arc given, showing tlic distribution of 
cankers resulting from ribes infection on lacustre plot No. 2 for 1930 
and on the Apex plot for 1928. Distinctive spread patterns were 
found in only a few cases, the spread ordinarily assuming comparable 
proportions in all directions from the central ribes. With lacustre 
plot No. 2, however, a very definite distribution pattern was obtained 
in both 1928 and 1930. On this plot the central ribes were located 
in the bottom of a shallow draw, and a preponderance of cankers was 
formed along this draw, principally below the ribes, as shown in 
figure 2. ' The Hall and Apex plots both had definite slopes and here 






/an. 1,1938 Spread oj Infection from R, lacustre and 7?. viscomHsimnm 19 


again a skewed distribution pattern was secured, there being a strong 
tendency for the cankers to form on trees down tlie slope below the 
source of sporidia, as shown in figure 8 for the Apex ])lot. 

Table 5 summarizes the pine infe(*tion and ]ir()bable resultant 
damage for all three Rihes lacustre plots from both the 1928 and 1930 
ribes inocAilations. Table 6 similarly surnmaiizes all pine irdection 
and probable damage from the inoculation of R, 'ri<^cof<isfihn'um lest 
plots. In table 7 pine infection and probable damage within the 
circular acre arc summarized for each plot individually for each year 


u! X 
Z 




ruM'KK 3 of pint'-iufcction cojuUtioiis diinug tests cm lucustro [)lot No 3, lluntei’s Riding, near 

NTcw Denver, Uritish Columbia. Kainfftll and i»ercentage of total leaf surfaw that was bearing or bad 
borne telin at any particular time (U, iy2S, hi, 1930). C, Periods of wet pine foliage, as observed on the plot 
fioin late June to earlv October 1930 (For further explanation of delails, see legtaid of fig 1.) 


of ribes inoculation. To complete tlm picture, the footage of iibes 
live stem and sejuare inches of leaf surface beaiing tclia on each jdot 
are included along with the pine-infection data. The individual 
plots showed wide variation in pine iufection, which could not Ix', 
explained solely upon the basis of probable sporidia production and 
concurrent moisture conditions. Pine infection is the result of many 
factors, and to accurately evaluate and correlate all of them wouhl bo 
highly impi’acticable if not impossible. 
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JiGURj 4- Indices of pine infection conditions durinp tests on Ai)e\ plot near Nelson, 

British Columbia Rainfall (records from nearest weather slat ion, Nelson) nnd iierceiitafe of total 
leaf surface that was hearing oi had borne lelia at any paitlcular time {A, 192H, h 1930) ( , Periods of 

wet pine foliage as observed on the plot from July 1 through bopteinber 19'JO tt or further explanation of 
details, see legend of ftg 1) 
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M ON IT 
8 ^ M 
; p M 
NOC N 
BAM 
4AM 


r 


J JNt 




ri< T iiF ^ Indicts of piiK inft( I ion tt nditious tlunnp (tstsou 11 ill f lot (/ j/t«nsrp<?sMWW/w)»near ISit Kon, 
Uritish ( (liiinhiu Hiunftll (rttoids fioin martsl vt illitr st ition Ktlson) ind ptictmtuke of tot U Itaf 
nrficti (lull v\ IS I turinf. (>i litid 1’^ ^ i‘H 0 ) ( Ftriod ifuttpine 

folmtre as ob i rvtd ou tlit plot from luU J to < irlj Ottober 1910 (toi fiirtbei txi lamition of del ids sie 
1( gim I of fig 1 ) 



Figuee 6 —Indices of Wne-Infool Ion conditions during tests on viscosissinium plots No land No 2 Hunter’s 
Siding, near New Denver, British Columliia, 1930 1, (upper), Percentage of total leaf surface that was 

bearing or had borne telia at any partuular lime (lower) rainfall data from records of nearest weather 
station, New Denver, B, periods of wet pine foliage as observed on the plots from late June to earljf 
October (For further explanation of details, see legend of hg I) 
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Fku’ke 7. Disfiihution fif ciuitcors n*sul(jiij' from infection in lO.’tO on liiht'it lacuvtre, on laeiislie plot \o 2, 
Hunter’s Siding, neiir Ne\^ J)cnver. Dots represent pninfeeted trees, tree heights of 1 foot oi moie aie 
shown by iiiiinbers iinin<>diHtt!ly above or next to eaeli <lot, infccte<l trees ate show^n bj solid tnaiiKles, 
the fraetions ailjaeent to wdiich ^ive niinibei of cankers over tree heipht. 


Table o. Spread avd mlvnsify of infection and prospective damage^ to pines 
resnlting from sporidia produced on Hihea lacustrCj based on 6* tests on S plots 
in Uf2H and lUSO at Hunter’s Siding, Hriiish Columbia 


i 




Tree'* 





(linkers 





I 

1 

1 


1 nfect- 



1 

Aver- 

1 ilstance from cen¬ 
tral nbes (feet) 

1'otal 

Avei- 

uge 

height 

Total infected 

Total that 

W ill 1)6 
daitiaged * 

ed trees 
that 
w ill be 
dam- 

TotaP 

Damage 
(jankers * 

age 

lirue re- 
(luired 
to dam- 



i 

1 




aged 2 




age ) 


Num^ j 

[ 

j 

Nuni' 

Per- 

A’m m- 

Per- 


Num¬ 

Num- 

Per- 



ber 

Feet 

ber 

cent 

ber 

cent 

Percent 

ber 

ber 

cent 

Years 

0-50. 

470 1 

1 7 8 

08 

J4 3 

31 

6 5 

45.0 

158 

42 

26.6 

10 

60.1-100. . 

1.412 ! 

9 1 

JOO 

7.1 

32 

2 3 

32.0 

139 

34 

24.6 

11 

lot) 1-160 _ 

i.S21 

8.3 

80 

4 4 

36 

2.0 

45.0 

142 

42 

2fi.6 

12 

0 100.. 

1,888 

8 8 

108 

8 9 

63 

3 3 

37.6 

297 

76 

25 0 

11 

0-117.75 3.. 

2. 753 

8 9 

200 

7.5 

80 

2 9 ! 

38.8 

346 

94 

27.2 

11 

0d50---. 

.3. 709 

8 6 

218 

6.7 

99 

2.7 

39 9 

439 

118 

20.9 

ii 


1 Daiuape-killing or injury sufficient to render the trees worthless for timber or timber itroduction 
3 Trees that wmuld have been damaged if cankers formed thereon had not been cut out. 

3 Includes both damage cankers and tho.se that would liave died without causing serious injury. 

♦ Cankers Xi^^ich would have caused damage if they had not been cut out. 

* 1 circular %cre. 
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N 



b 


'fr - - 500 Feet - _ ____-- 

Kiia UE K Distrihuiion of cankers rcsnUinfi from infeclion in 192S on fribes n.scosittsimum, on Apev plot, 
near Nelhon Dots repiesrnt umnfeelcd trees, tree heights of 1 foot or inoie are shown by numbers umne* 
(liutely above or next to each <Iot, infectt*<I trees are shown by solid tnan}»ies, the fract ions adjacent to which 
give number of cankers over tiee lieight. 

'Fable G.-- Spread and, intensify of infection and prospective damage ‘ to pines 
resulting from sporidia produced on liibes viscosissimumy based on Ji tests on 
2 plots in 1.92S and 19li() near Nelson and 2 tests on 2 plots in 1930 at Hunter's 
Siding, British Columbia 






Tiees 





(''ankers 






1 


1 Infect- 


! 


Distance from cen- 


A V er- 



'Fotal t hat 

ed trees 


J )amage 

Iral ril^tis (feetj 

Total 

age 

Total infected i 

wnll be 

LilUL 

Total ^ 

cdiikors 4 



height 



damaged * 

dam- 











aged 2 





Nvm- 


Nuvi- 

Per- 

JVr/ m- 

Per- 


Nu m- 

Afrm- 

j Per- 


her 

Feet 

ber 

cent 

ber 

cent 

Percent 

ber 

ber 

cent 

0-50.. 

345 { 

4 9 

42 

12 1 

21 

6 9 

57 1 

220 

34 

15 4 

50.1-100.. 

1, OOli 

6 8 

29 

2 K 

12 

1 1 

41,3 

04 

10 

25.0 

100.1-150-.. 

1. 5(}0 

5 4 

32 

2 0 

9 

0 

28 1 

57 

10 

17. 5 

150 1-200 •'.. 

341 

10 1 

17 

5 0 

0 

1.8 

35 3 

29 

7 

24 1 

20t) 1-260«. 

4H9 

10 n 

4 


1 

.2 

25.0 

4 

1 

2.5.0 

0-100. 

1,361 

5 5 

71 

5 2 

30 

2 (i 

60 7 

284 

50 

17 0 

0 117 75'>. 

1,832 

5.8 

83 

4 6 

43 

! 2 3 

61 8 

316 

58 

18 4 

0-160.. 

2,911 

5 6 

103 

3.6 

45 

1 * 

43 0 

341 

60 

17.6 

0-200 8. 

3, 252 

0.0 

120 

3 7 

51 

l.fi 

42 5 

370 

07 

18 1 

0-250. 

3, 741 

0.6 1 

124 

3 3 

52 

1.4 

41 9 

374 

08 

18 2 


A v<»r- 
ugc 

time re¬ 
quired 
to dam¬ 
age J 


Yearn 

9 
11 
12 
H 
21 

10 
10 
lU 
11 

_11 


> Damage =«killing or injury suflicient to render the trees worthless for timber or timber production. 

»'I’rocs that would have been damaged If cankers formed thereon had not been cut out. 
a Includes both damage cankers and those that would have died without causing serious injury. 

< Cankers which would inwe caused damage if they had not been cut out. 

« The Hall and Apex plcfl^ere extended to a 250-foot radius to trace out the pine infection for 1928. The 
other four tests included irwis table extended 150 feet from the central ribes. »1 cinnilar acre 
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Table 7. —Pine infection and subsequent damage within 1 circular acre surrounding 
a central group of ribes, resulting from a single inoculation of the ribes on each 
of the 7 test jdots 


Plot 


I.acustre No. 1_ 

Lacustre No. 2_ 

Lacustre No. 3- 

Apex (7?. viscosiasi- 

mvm) . 

Hall (7?. ri«co«m»- 

muvi) . 

Viscosissinuirn No. 

1 _ 

Viscosiasimum No. 
2 .— 



Kibes 

Pines on the central circular acre * 


Inocu* 









Total 

lation 


Leaf 


Aver¬ 

age 

height 





can* 

year 

Live 

stem 

surface 

boarinR 

tolie 

Total 

Infected 

Damaged ’ 

kors s 



Square 









Feet 

inches 

Number 

Feet 

Number 

Percent 

Number 

Percent 

Nu mber 

f 1928 

62 4 

21.9 

557 

10 5 

64 

11 5 

32 

5 8 

109 

\ 1930 

74 2 

16.5 

555 

13 4 

39 

7.0 

9 

1 6 

45 

/ 1928 

14 4 

29.8 

618 

5.6 

30 

4.9 

17 

2 8 

47 

1 1930 

24.1 

28.4 

567 

6.6 

18 

3 2 

5 

.9 

26 

/ 1928 

328.5 

175 0 

230 

8.1 

16 

7.0 

3 

1 3 

22 

1 1930 

431.0 

1,658 2 

226 

9.8 

39 

17 3 

14 

6 2 

97 

/ 1928 

31.0 

170.4 

232 

8.9 

29 

12. 5 

13 

5 6 

239 

1 1930 

40.0 

95 1 

164 

10 7 

3 

1 5 

2 

1 0 

3 

/ 1928 

141.0 

181 0 

161 

7 7 

18 

11 2 

6 

3 7 

33 

1 1930 

179.0 

69 4 

159 

9.3 

0 

0 

0 

0 

0 

1 

1930 

59 5 

24 5 

707 

3 1 

18 

2.6 

16 

2 3 

' 23 

1930 

80.3 

7 3 

379 

4 0 

15 

4 0 

6 

1 6 



* 1 circular acre has a radius of 117 75 feet 

» Trees that would have been daiuaffed if cankers formed thereon had not been cut out 

* Includes both damage cankers and those that would have died without causing serious injury 


The number of cankers formed at increasing distances from the cen¬ 
tral «ribes, as averaged for all tests, is shown by the curve in figure 9, 
in which number of cankers per million needles is plotted over distance 
from plot center in feet. A measure of the intensity of pine infection 
at varying distances from the plot center was also secured by plotting 
percentage of total cankers within a given zone, divided by jiorc-entage 
of total needles within that same zone, over distance from plot center 
in feet. These data are graphically presented in ligure 10 for each 
plot for each year of inoculation. These curves show that in all cases 
the intensity of infection fell to almost negligible values betwa^en 50 
and 60 feet from the central ribes irrespective of how great the intensity 
may have been closer to the ribes. 

In analyzing these curves it should be boriie in mind that, although 
there is a decided reduction in intensity of infection beyond 50 or 60 
feet from the central ribes, there is still a considerable number of 
cankers formed at even greater distances. Trees close to the central 
ribes are very Uliely to receive new damaging infections with each 
successive year of ribes infection—a duplication of damage that is not 
particularly significant, because one damage canker alone is sufficient 
to cause the loss of a tree. Duplication of damage is less likely to 
occur on the more distant trees, Jis the sporidia will be more and more 
widely dispei*sed with increasing distance from the ribes. For example, 
table 5 shows that 31 trees were damaged in the 0- to 50-foot circles, 
32 were damaged in the 50.1- to 100-foot circles, and 36 were damaged 
in the 100.1- to 150-foot circles. It is therefore apparent that, while 
percentage of damage may decrease rapidly beyond the 150-foot circle, 
the total damage beyond this point may exceed that within 150 feet 
of the ribes. 
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DISCUSSION 

Tlie artificial inoculation exposed tlie central ribos on the test plots 
to a greater volunie of aeciospores and resulted in heavier infection 
and subsequent telia production than would occur in nature unless the 
ribos were exposed to a nearby and abundant source of aecia. Such 



FiiiURE 9.”Average number of cankers per million needles exposed m 10*foot zones out from the central 

ribes, for all plots combined. 


association would bo only occasional in the first stages of natural in¬ 
vasion of the rust into a previously rust-free area. In older centers 
of pine infection such associations might readily occur with alarming 
frequency. The time required for such an aecial supply to be built 
up m a previously rust-free area is extremely variable and dej^ends to 
a considerable extent on the original intensity of ribes infection, the 
ribes-pine associc^ion, and the climatic conditions that prevailed 
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during these developmental years. In view of the great importance 
of the stage of development of ribes leaves at the time of inoculation 
to their susceptiWlity, as shown by Lachmund {8), it is possible that 
natural inoculations, where ribes are growing near fruiting cankers, 
might in some cases result in greater development of the rust and 



Fi<aTKK 10 , Reduction of pino-iiifection intensity with increasing distanco from ribos at plot con Uts. n'he 
measure of infection intensity consists of the pcrctmtago of cankers divided by the pereenlug(‘ of nee(iles in 
each 10-foot concentric zone out from the center on each plot. Smoothed cnirves were drawn through the 
yioints so derived for each plot. The points arc not shown for lack of space but in general fall on or close 
to their respective curves 


greater damage to pines than from artificial inoculations, even tliough 
the latter arc purposely made very heavy. It is conceivable, then, 
for ribes in any white pine stand to be exposed eventually to quantities 
of ^ecia sufficient to cause ribes infection and subsequent telia pro¬ 
duction comparable to that secured on the test plots as shown in 
table 
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Under the conditions of ribes infection obtaining in the tests, 
damaging pine infection resulted from groups of ribes having from 
481,0 feet of live stem to as little as 14.4 feet of live stem, which wi\s 
the smallest amount present on any idot. Such a multiplicity of 
factors was involved, however, that it was impossible to directlj^ 
correlate number of feet of ribes live stem wdth resultant pine infection. 
Jjacustre plot No. 8, with 431.0 feet of Ribes lacustre in 1930, liad the 
greatest footage of live stem of any plot. On this plot 17.0 percent 
of tlie ])ines became infected, the highest percentage shown on any 
])lot. For the 1 lah plot in 1930, directly opposite results were secured, 
179.0 feet of R. vis(ysissitnum live stem causing not a single canker. 
The inconsistency is further showm by the results for lacustre plot 
No. 2 for 1928, on which but 14.4 feet of live stem infected 3.0 percent 
of the pines, and by the Apex ]>lot in 1928, wliere but 31.0 feet of 
R. vlscosLssimum infected 8.1 percent of the pines. The results of these 
studies, thendore, do not justify the conclusion that a definite footage 
of live stem of either R. lacustre or R. viscosisshnvm will necessarily be 
responsible for a definite amount of pine infection. The results ilo 
justify the conclusion that even a few' feet of live stem may and 
probably will cause ajujreciabh'. jnne infection under (*onditions com- 
])arable to those prevailing on the study areas in British Columbia. 

(\)mbining the results from all Ribes lacustre tests, it was found tJiat 
7.5 percent of the pines within the circular acre became infected from 
an average of 155.8 feet of ribes live stem in a single year. Similarly, 
on the R. viscosissimum plots 4.5 percent of the pines within the circular 
acre became infected from an average of 88.5 feet of ribes live s?em. 
If the live stem on the R. ^nscosissmivin plots were increased to equal 
that on the R. lacustre plots, then by simple projjortion the R, 
cosisslrmim plots w'ould show 7.9 percent of the pines infected from that 
amount of live stem. On this basis equal fqotages of ribes Jive stem 
of the two species might be considered potentially capable of spreading 
aj)i)roximately etpjal ajiiounts of infection to the pines wdthin a circular 
a (‘re. From these tests it was determined that both ribes species 
were capable of spreading appreciable infection to pines for a distance 
of at least 150 feet; and, although the maximum distance of spread in 
these tests w as not (letermined for R, lacustre^ it w as found that under 
the conditions existing on the plots R. viscosissimum was capable of 
spreading infection to pines for a distance of about 250 feet. In other 
studies considerably longer spread has been observed under other 
conditions, esiiecially with other species of ribcjs {11), 

It is pine damage, liow'cver, that is ol pra(*tieal importance, rather 
than ribes iiife(‘tion or pine infection as such. On every tost plot and 
in every year in which pine infection took jilace as a final result of the 
inoculation of the central ribes, there occurred appreciable pine dam¬ 
age. As all plots were understocked, the loss of any tree meant actual 
loss in tlie board-foot potentialities of the stand. As might be 
anticipated hy those familiar with the rust, percentage daniage became 
less severe wdth increasing distance from the central ribes (tables 
5 and ti). This reduction in damage was solely because of the reduc¬ 
tion in intensity of infection wdth increasing distance from the ribes. 
The results of these studies showed that in general one out of every 
four cankers formed on the Ribes lacustre plots w'ould probably cause 
damage, wliile the proportion was roughly 1 in 5 for the R, viscosissimum 
plots. There is ip reason for considering cankers formed from 



28 


Journal of Agricultural Research 


Vol. 66, No. 1 


sporidia produced on 72. lacusire to be more predisposed to cause 
damage than cankers initiated by sporidia borne by R. tiscosisshnurn. 
That the ratio of damage cardvcrs to total cankers was higher for plots 
having 72. lacustre at their centers than for those with 72. viscosissimum 
appears to be largely the result of differences in the character of the 
pme target exposed. 

The ratios of pine damage to pine infection serve to emphasize the 
fact that under conditions as found on the study plots even relatively 
light pine infection will result in appreciable damage to tlie stand. In 
general, the results showed that this damage would occur within 
10 to 15 years following infection of the pines. In tliese very' young 
stands it does not appear importjint whether damage occurs in tlie first 
year following pine infection or not until the thirtieth year, the j)ines 
having no chance to reach merchantability in either case. 

Table 5 show's that on the average for all Ribes lacusire plots tested 
2.9 percent of all pines wdthin the (‘ircular acre would suffer sufficient 
damage, from a single year’s ribes infection, to i)revent those frocks 
from reaching mcrcharttability. Table (*> shows that 2.3 pc'rcent of all 
trees within the circular acre on the 72. inscoslssimviu plots would 
be similarly damaged. Under infe<*tion conditions found on the tost 
plots it is readily apparent that a 15- to 25-percent rediK'tion in stock¬ 
ing could easily occur witlih] a relati\(*ly few years. A reduction (»ven 
within these limits might mean tlie difference between profit and loss 
in the management of a young western white pine stand. 

It has been shown that the heaviest- pine infection and damage 
occur closest to the ribes. With an amount of ribes etpial to that 
found at the centers of various test plots scattered, as the plants oc(*ur 
in nature, indiscriminately throughoiit the a(*ie, it wx)uld 1)0 cons(*rva- 
tive to estimate damage as being only equal to that s('cured from a 
central group.Since fall precipitation during the inoculation years 
was below average, it appears probable that pine-infection (‘onditions 
w'^ere somewhat less favorable than w^ould orditiarily be expected; this, 
together with the frequent spread of infection beyond the plot bounda¬ 
ries, indicates that the recorded infection is in no sense f-o be considered 
extreme for the given quantities of telia or live stem, but on the con¬ 
trary must be considered conservative. 

SUMMARY 

For the purpose of securing more definite data on the capacity of 
the pri(‘kly currant (Ribes lacustre) and of the sticky currant (72. 
viscosissimum) spread damaging w^hite-pine blister rust (Cronartium 
ribicola) infection to western wdiite pine (Pinus monticola), so-called 
ribes-to-pine spread studios w'ere initiated in 1928 in British Ck>lumbia, 
where climatic conditions were reasonably comparable to those in 
northern Idaho. In these studies, infection was permitted to spread 
from central groups of artificially inoculated ribes of known footages 
of live stem to the surrounding stand of otherwise ribes-free white 
pine reproduction. 

Detailed records of telia produced on the central ribes, the pine 
taiget exposed to sporidia developed from these telia, and the number 
and location of cankers formed provided the necessary data for com¬ 
puting the distance and intensity of spread within the plot boundaries 

^ lacustre, scattered naturally throughoi^ stand, will Intensify infection 
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and the rcsnltant damaf 2 ;e to pines from each of tlie two ribes species 
teste<h Climatic data were recorded during; test years. 

Analysis of these data indicated that under the test conditions equal 
footag:es of live stem of the sticky currant and prickly currant are 
capable of spreading; essentially equal infection to nearbv white pine 
reproduction, althoug:h no direct and consistent relationship between 
feet of ribes live stem and resultant pine inf(M*tion was apparent for 
(‘ither ribes sj)tH ie.s tested. Within a circular acre, averages from the 
six tests of Bihes lacustre showed that from infection supported by 
155.8 feet of live stem 7.5 percent of the pines })ecame infected in a 
single year. With six tests of R. inscosissimyrn, an average of 88.5 
feet of live stem (‘aused hifeclion on 4.5 percent of the pines within a 
(‘ircular acre. 

The results further showed that both ribes species were capable of 
spreading appreciable infection to pines for a distance of at least 150 
feet. I Tider the test conditions Ribes viscosissiynum spread some in¬ 
fection for a distance of about 250 feet. For both species the intensity 
of infection was heaviest near the ribes and fell off to relatively low 
valuers at a distanc’C of 50 to (>0 feet from the (*('htral ribes. Percentage 
of pine damage follows a similar curve of reduction with increasing 
distant‘e from the ri!)es. From an average of six tests, 155.8 feet of 
R. hicustre live stem su])p(u*ted infection which spread damage to 2.9 
percent, of the pines within a circxrlar acre. From an average of six 
tests, 88.5 feet of R. rlscosissimvrn live stem supported infection wliich 
spread damage to 2 3 pc'rc'cnt of the pines within a circular acre. 

Under conditions comparable to those prevailing on the test plots 
during the .vears in w Inch the central ribes were inoculated it is possible 
for as little as 14.4 feet of Ribes lacusfre live stem to be responsible for 
damage to 2.8 i)ercent of the white pine rejjroduction within a circular 
acre from a single season (d‘ ribes infection. Similarly, as little as 31.0 
feet of R, tnscosisslnunn live stem is potentially capable of supporting 
infection causing damage, within a single season, to 5.() percent of the 
])ines w ithin a circular acre. 

These studies are significant in indicating that both Ribes lacustre 
and R. viscosisshnum must be removed from areas that are to be 
managed for the production of western w hite pine. Under some con¬ 
ditions, at least, the eradication must be extremely thorough. It is 
shown that less than 15 feet of ribes live stem can cause damage to 
stands of white pine reproduction if the ribes bushes are subject to 
heavy infecthm, a condition that will exist in areas where sporulating 
cankers are numerous on associated pines. 
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RELATION OF THE CURLY TOP VIRUS TO THE VECTOR, 
EUTETTIX TENELLUS' 

By C. W. Bennett, pathologisty Division of Sugar Plant InvesligaiionSy Bureau of 
Plant Industryy and Huoir E. Walla(’E, associate cntornologisiy Division of 
Truck Crop and Garden Insect InvestigationSy Bureau of Entomology and Plant 
Quaranliney United, States Department of Agriculture 

INTRODUCTION 

Association of tlic beet leafhopper, Kutettir tenellu.^ (Baker), with a 
disturbance in beet called ''curly leaf' or "blight/' now known to 
have been curly top, was discovered by Ball (I)^ tlirougli extensive 
field observations in ITtah. Following this pioneer work, a number of 
investigators contributed to the knowledge of the relation of the causal 
agent of the disease to the insect vector. 

Shaw {!()) demonstrated that the feeding of a single leafhopper for 
only a few minutes was sufficient to initiate cmiy top on small beets. 
Smith and Bonccpiet (/7) found that a 5-minute feeding period was 
sufficient for single viruliferous leafhoy)pers to cause infection. 

Bonc(|uet aiul ITartimg {S) found that leafhoppers taken from 
certain natural breeding areas contained no virus, and Stahl and 
Carsner {18) showed that each leafhopper must feed on a phmt 
infected by the virus before it is able to transmit the disease. vSeverin 
iiO) stated that lots of 25 to 50 leafhoppers were able to cause infection 
in 4 to fi hours after first feeding on an infected plant. He {11) also 
reported that ieafhop})ers retained their ability to ju'oduce infection 
throughout, their nymphal and adult life, althougli ability to j)rodiice 
infe(*tion decreased with age in the case of leafhoppers transfer^’ed 
daily oji beets. Later, however, he {IS) found that tlie Aims was lost 
by overwintering females in an average time of 83.9 days. 

C-arsner and Stahl (4) show'ed that insects caged singly on healthy 
plants w en* able to cause infection in 22 liours 45 minutes after having 
previously fed on infected plants. In experiments carried out by 
Severin {1'^), individual leafhoppers were able to transmit virus 7 
hours after first feeding on an infected platit, and lots of 100 or more 
were able, iji a fcAV instances, to transmit virus in 20 to 30 minutes 
aft(*r first feeding on an infected plant. Nonvirulifennis leafhoppers 
])icked up virus in a feeding period of 1 minute, and viruliferous leaf- 
liop})ers infected healthy plants in a feeding period of 1 minute. 
Mouth parts w ere found contaminated with virus after the leafhoppers 
had fed on diseased i)lants 30 to 00 minutes. No virus was recovered 
from feces. 

vSince curly top transmission is produ(*ed (*onsistently only through 
the agency of the beet leafhopper, a knowledge of the relations of the 
\irus to its insect A^ector is of considerable iinportancc^ in the study of 
other phases of the curly top problem. During the past () years, as a 
part of the curly top investigations conducted at Riverside, C^alif., 
a number of tests have been made, at irregular intervals, to gain more 
information on this subject. The results of these tests are presented 
in this paper. 
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RELATION OF PERIOD OF FEEDING TO ACQUISITION OF VIRUS 

Tests were made to determine (1) the minimum time required for 
leafhoppers to pick up virus from diseased plants and (2) the influence 
of length of the feeding period on the percentage of fed leaflioppers 
that became viruliferous. For these tests, adult nonviruhferous leaf- 
hoppers were starved for several hours and then caged on diseased 
beet {Beta vulgaris L.) plants for different time intervals ranging from 
1 minute to 24 hours. The leafhoppers that fed J to 10 minutes, 
inclusive, were caged singly on diseased beet leaves and watched under 
a hand lens until they started feeding. The time was noted and the 
leafhoppers were watched until the expiration of the allotted feeding 
period, when they were removed and caged on healthy seedling beets 
for 7 days. Leafhoppers that did not feed continuously during the 
allotted feeding period were discarded. In feeding periods greater 
than 10 minutes the leafhoppers were placed in groups of 15 to 20 on 
diseased plants and left undisturbed during the feeding period. They 
were then caged singly on seedling beets for 7 days. Leafhoppers 
reared on diseased plants were used as checks. The feedings on 
diseased plants were made at temperatures of 95° to 110° F. In this 
temperature range previously starved leafhoppers usually feed con¬ 
tinuously for prolonged periods. 

In this experiment leafhopi)ers picked up virus in a feeding time of 
1 minute. The percentage of leafhoppers that acquired virus steadily 
increased with increase in feeding period up to 5 hours, after which no 
decided increase was evident up to and including the 24-hour period. 
However, the check leafhoppers, which were reared to the adult stage 
on curly top beets, produced more infection than any of the other 
groups. A summary of the results of these tests is presented in table 1. 

Table 1 .—lielation of period of feeding of nonviriiliferous leaf hoppers on curly top 
plants to acquisition of ability to infect seedling beets 
1150 plants incK'iilaled in oadi lO'^tl 


Feeding period (minutes) 

riants infected 

Feeding period (hours^ 

1 Fluiils infected 


Number 

Percent •! 


i 

i Number 

Percent 

1... 

5 

3.3 

t. .. 

6(i 

44.0 

2 ... ... , .. 

10 

6.7 

2... - . 

81 

54J) 

3.-. 

13 

1 8 7 

3._. ... 

00 

60 0 

4..... 

18 

i 12.0 

4.. .. 

0.3 

621d 

5 ___ __ 

22 

^ 14.7 

5._. 

! 115 

76 7 

10. 

23 

15.3 


1 113 

75 3 

20._ __ 

40 

26 7 


110 

73 3 

30.-.. 

42 

28 0 

24... 

! 114 

70.0 



1 

i__ 

Check 1.. 

I 120 

86 0 


1 Lfeafhopi)ers reared on curly top plants. 


Further tests were made in an attempt to deteiruine the rate at 
which leafhoppers pick up virus and the feeding time required to 
obtain a maximum charge. In preparation for this experiment a large 
number of female nonviruliferous leafhoppers were placed on a healthy 
beet plant. After 2 days these leafhoppers were removed and the 
eggs that had been deposited were allowed to hatch. While the 
nymphs were quite small they were divided into two approximately 
equal lots. One lot remained on a healthy plant and the other lot 
was placed on a curly top plant. As soon as all the leafhoppers had 
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reached the adult stage the nonviniliferous lot was placed on a curly 
top plant and tested for ability to infect seedling beets and for total 
virus content at intervals for 3 weeks. Tests were made also of the 
virulifcrous lot, which served as a check on the rate of accpiisitioii of 
virus by the previously nonviruliferous lot. The two kinds of tests 
were made as follows: (1) Twenty Icafhojjpcrs from each lot were 
caged singly on seedling beets for 24 hours. The number of pLints 
infected was taken as a relative measure of tlie ability of the two lots 
of leaflioppers to transmit virus. (2) The leafhoppers, removed from 
the seedling beets after 24 hours, were macerated in distilled water and 
centrifuged, and the sujiernatant liquid was added to an equal volume 
of 95-pcrcent alcohol. The resulting precipitate was thrown down by 
centrifugation, dried, suspended in 1 cc of 5-]jercent sugar solution, 
and centrifuged, and the supernatant liquid was resc'.rved for testing. 
Twenty nonviruliferous leaf hoppers w^ore allowed to feed on each test 
liquid 6 hours, after which they were caged singly on seedling beets 7 
days. Tlie number of plants infected was considered a relative meas¬ 
ure of the virus content of the tw^o lots of leafhoppers. 

The results of this experiment (table 2) indicate that the ability of 
the test leafhoppers to transmit virus imu'cased rapidly and reached a 
maximum in 2 to 0 days. During the remainder of the test it was 
reasonably uniform and apf)roximately equal to that of the \uruliforous 
(‘hecks. In contrast to this the virus content of the test leafhoppers in¬ 
creased at a relatively slow rate and reached its maximum on the four- 
teemth day. Under the ('.onditions of this experiment, the virus con¬ 
tent required to enable a leafhopper to reach its maximum eilicicncy as 
a vector was considerably less than the maximum charge it is capable 
of carrying. 

'’J‘'ahle 2 .—Rate of increase in transmissive ability and in tnrvs content of previously 
nonviruliferous leafhoppers when placed on curly top plants 


I Infection 2 fr*m) placinp of nonviruliferous leafhoppers on curly 
I top plants for—• 

Inoculations by Group of leafhop- ;_ ______ 


means of— 

pels tested ‘ 

0^ 

day 

1 

day 

2 

days ; 

3 

days 

4 

days 

6 

days 1 

8 

days 

10 i 

days 

14 

dajs 

21 

days 



Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Direct feeding, 24 
hours. 

1 Originally nonvir- 
i uliferous. 

cent 

0 0 

cent 

32.6 

cent 

00.0 

cent 
55.0 

cent 
07 5 

cent 

70.0 

cent 
57 5 

cent 
02 6 

cent 

70.0 

cent 

62.6 

(Check. 

70.0 

80.0 

62.6 

87 r> 

72.6 

70 0 

67.5 

5.*) 0 

52 5 

47.6 

Extracts from 

1 Originally nouvir* 

.0 

5.0 

17.5 

16 0 

32.5 

30 0 

22 5 

35 0 

50 0 

45.0 

leafhoppers 
used in tests. 

< uliferous. 

(Check-.. 

50 0 

' 47.5 

50.0 

65.0 

50 0 

47 6 

57. 5 

72 5 

55.0 

47.5 


* The “originally nonviiullforous" leafhoppers were nonviruliferous until placed on cuil> loii beets at 
the beginning of the experiment, the “check” leafhoppers Aivere reared on curly lop plants and rcinaiuod ou 
curly top plants until tested. 

* Calculated on the basis of 40 plant s that were inoculated in ouch interval in each test. 

* Tests made immediately before placing nonviruliferous colonies ou curly top beets. 

RELATION OF PERIOD OF FEEDING TO INFECTION 

In tests of virulifcrous leafhoppers to determine the relation of the 
period of feeding to infection, adult individuals were placed in large 
cages and starved for several hours. They were then allowed two 
short feeding periods on healthy beet plants to avoid the effect that 
starvation has on infection in the first feedings after the starvation 
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period (see section on effect of fasting period on infection, p. 36). 
They were then caged singly on cotyledons of seedling beets, watched 
under a hand lens, and their feeding period recorded. The feedings 
were made at a temperature of 90° to 110 ° F., and the feeding periods 
ranged from to 30 minutes. The tests were repeated at intervals 
over a period of several months. The ])lants on which the leafhoppers 
fed were kept 1 month to determine the number infected. 

The results of this series of tests, together with results from 4- and 
G-minute tests compiled from other sour(*es, are presented in table 3. 
No infection was produced in a feeding time of one-half minute and 
very little in 1 minute. Th<^ per(‘-entage of infection rose rapidly with 
increase in the feeding period up to and including tne 3-minute feeding 
period, after which the rate of increase was less. 

Table ~ Relation of period of feeding of vimliferous leafhoppers to infection of 

seedling 


FocdiiiK period 
(minutes) 

riant s 

inofu- 

liUOd 

! 

riant s infected i 

j 

1 Kcedimr period 
^ (minutes) 

' rianls 
i inocu- 
lulod 

^ rianf s uifcctod 


1 Aunifnr 

A'lunbci 

1 ; 


i A'arntKr i 

Xtnnlxr \ 

Percent 

Vj .- 1 

1 .'52 

1 0 , 

1 (M» i 

(.- . - 

1 3,37() 

1,200 1 

3.5 .5 

3. 1 

72 

1 J 

] 4 i 

10 ... . 1 

HO 


34 3 


343 

23 1 

1 (5 7; 

11 to 15 ... 1 

i M 

to , 

tH 2 


1,'5H 

3.''! ! 

1 i 

16 to 20 , 

1 ().5 

31 

.52 3 

4 . - --- 1 

! h7 

Jl) 1 

1 21 S i 

21 to 2.5 . 

51 

2S i 

.54 0 

5 . i 

r>c>7 

jr.o ! 

1 2t> r> ' 

2(51 0 30 . 1 

1 51 

3.5 

(•8 (> 


PIIrIOD of incubation of the virus in the LEAFIIOJTEK 

The term ‘incubation period’’ as used in this jiaper refers to the 
period from the time the leafJiopper accpiires the virus to tJie time 
that it is able to inject enough virus into a i)lant to produce infection. 
To determine the length of this iieriod and to gain information 
regarding the rate of increase in tlie ability of leafhopiiers to cause 
infection after the aejpusition of the virus, an experimtmt involving 
a rather extensive series of leafhopper transfers was planned. Young 
adult leafhoppers, which had been starved 14 to IG hours, were caged 
singly and placed on curly top beets at a temperature of approximately 
100 ° F. After 1 hour they wore removed and immediately placed on 
healthy seedling beets. Once each hour for the next 11 hours they 
were transferred to fresh beets. After the twelfth hour tliey were 
transferred to fresh beets at r 2 -hour intervals for the next 6)2 days. 
Controls were left on diseased beets for G days and transferred to 
healthy plants at 12 -hour intervals beginning the seventh day. The 
last two transfers of the first lot of leafhoppers coindded with tlie 
two transfers of the control leafhoppers. Thorefonj, as a preparation 
for infecting on the seventh day, the first lot had 1 ho\ir on a diseascHl 
plant and eleven 1 -hour periods and eleven 12 -hour periods on liealtliy 
plants; wdiereas the controls had G days on a. curly top plant. 

Table 4 sliows the individual performance of each of 20 leafhopptus 
on each of the 24 healthy plants exposed to feeding during the 7-day 
period. The results of nine such experiments are summarized in 
table 5. Under the conditions of these tests, the minimum incubation 
period of the virus in the leafhopper was 4 hours. The ability of the 
leafhoppers to transmit virus increased ap[)reciably during the first 
12 hours, but there is no evidence that there was any further increase 
in infective ability during the following GK days. 
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Table 4. — Infection produced by leafhoppers in successive transfers on seedling 
beets over a period of 7 days following a l^hour feeding period on a curly top beet 



'Fable 5. —Infection produced by leafhoppers in successive transfers on seedling 
beets over a period of 7 days following a X-hour feeding period on a curly top 
beet i 


PUijits infected 



‘ 20 teafhomiers were used in each cxiierirnent. 

2 These leamotipers fed on curly top beets over a period of o days and were then transferred to seedling 
beets at 12-boar intervals. 
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In each of the nine experiments there was a striking variation iii 
the amount of infection produced by the different individuals of the 
group. This is illustrated in table 4. Leafhopper No. 4 produced 
infection in the fifth hour, failed to produce infection in only two of 
the remaining l-liour feeding periods, and failed to produce infection 
in only three of the 12-hour feeding periods; whereas leafhopper No. 
6 infected only two plants in 7 days and these were in the 12-hour 
feeding periods. This type of performance is apparently the result 
cluefly of characteristics of individual leafhoppers and is not due 
necessarily to a variation in the amount of virus originally picked u]) 
by the leaflioppers, since shnilar variations arc obtained when leaf- 
hoppers reared on curly top plants are used in successive short-interval 
transfers. 

Whether the slightly greater amount of infection by the check grouj) 
of leafhoppers on the seventh day is of significance is difficult to aeter- 
mine. A factor which cannot be evaluated and which may have in¬ 
fluenced results is the relative number of leafhoppers in the two groupiif 
that actually carried virus. Of the 140 leafhoppers used in the 
frequent transfers, 32 produced no infection. If it were assumed 
that these 32 obtained no virus in the 1-hour period of feeding on 
diseased beets and that all the leafhoppers allowed to feed on (liseased 
beets for 6 days obtained virus, part of the different e in infection 
might be accounted for. Even without any correction for this factor, 
it is evident from the totals showm in table 5 that the check leaf¬ 
hoppers were superior only to a small degree to those of the frequently 
transferred lot in ability to infec.t on the seventh day. 

Evidence as to the relative amounts of virus carried by the two lots 
of leafhoppers at the end of 7 days was obtainenl in four of the nin(‘ 
tests by removing each lot of 20 leafhoppers and testing for virus 
content by the alcoholic-precipitation method already described. 
Five of the eighty plants inoculated from the material derived from 
the frequently transferred leafhoppers were infected; whereas 24 of 
the 80 plants inoculated from material derived from the control leaf¬ 
hoppers were infected. This is strong evidence of a greater virus 
content in the control group, and It shows that ability to infect is 
not always proportional to the amount of virus carried in the leaf¬ 
hoppers. 

EFFECT OF LENGTH OF FASTING PERIOD ON INFECTION IN 
SHORT-TIME FEEDINGS 

The effect of a period of fasting on ability of leafhoppers to produce 
infection was noted in a series of tests made in connection with the 
study of variation in infective ability discussed in a later section. 
The viruliferous leafhoppers to be tested w^ere starved overnight. 
Each leafhopper was then allowed to feed 6 minutes on each of 2() 
seedling beet plants as rapidly as it would complete its feedings. 
The beginning and ending of each feeding period were recorded, thus 
making available a complete record of the feeding time and the fasting 
interval for each of the 20 feedings of each leafliopper. The records 
of 209 leafhoppers are available from these experiments. 

When all the feeding tests w^ere completed, the data were assembled 
on the basis of the percentage of infection produced in each of the 
20 successive feedings. As shown in figure 1, where these data are 
plotted, infection was relatively low in tne first feeding period, some- 
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what greater in the second, and rose in the third to a level that was 
inaiutained rather consistently for the succeeding 17 periods. 

Tlie percentage of infection was calculated also on the basis of the 
length of the period of fasting prior to feeding, in an effort to deter¬ 
mine the effect of fasting periods of different duration on infection in 
the subsequent 6 -min- 
ute feeding. The fast- 
ing periods varied from § 40 
less than 1 minute to ^ 
more than 18 hours. 

The data for a total of ^ 

4,045 fasting periods 
were arranged in 21 
groups, as follows: 10 ^ 
groups with fasting pe¬ 
riods increasing by 1 - 
minute intervals, succ€SS/i/£ rLEomes after fasting 

respectively, from Fioi Rt 1 — InfoctiOD of seedling beets oau‘»ed by vlruliferoiis loafhop- 
1 4 1 • A pels in JO successive fi-minute feedings following an initial IG- to 

1 bO 1 miilUU S, 4 2(l'houi fast period. 

grou ps with fasting 

periods increasing by 5-minuto intervals, respectively, from 15 to 30 
minutes; G groups with fasting periods increasing by 1 -hour intervals, 
respectively, from 1 to 6 hours; 1 group with a fasting period of 18 
hours. 



Tlie results are plotted in figure 2, the percentages of infection being 
shown on the ordinate axis. These points represent averages of fhfec- 



tions based on from 
4 to a maximum of 
475 cases. Fasting 
period is plotted on 
the abscissa axis us 
the logarithm of the 
lime in minutes. 
There is some indi¬ 
cation from the data 
that when the leaf- 
hoppers fast only 1 
to 3 minutes before 


LOG OF FASTING TIME (MINUTES) 


feeding they arc less 
effective vectors than 


Fjouut 2 “Kflect of length of the fabting period imniodiatoly before vi. tiiaii 

inoculaliODS were made with viruliferous lieet leafhoppers on the W'hen tllCy fast 15 
infections seemed >Mth seedling sugar beets ui a subsequent 6-minuto 

feeding period nUIlUteS tO 3 llOUrs 

before feeding. 

Infections secured following an 18-hour fasting period were extremely 
low. 


Little is known regarding the factors that produce these results. 
The failure of leafhoppers to produce the normal amount of infection 
in the first and second G-minute feedings after a long fasting period 
can hardly liave been due to a weakened condition of the leafhoppers, 
for they were quite active and apparently in good physical condition. 
Tlie manner in which they fed varied in no way from that in later 
feedings, so far as known. It is suggested, however, that starvation. 
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combined with » certain amount of desiccation, may have brought 
about certain changes that tended to inactivate any virus that might 
have been held in the salivary glands; hence the usual amount of 
infection could have been produ(*ed only after these conditions were 
c‘orrected. 

The greater amount of infection produced in the feedings that 
followed fasting ])eriods of 15 minutes to H hours niay have resulted 
from the injection of greater amounts of saliva into the plant in 
feedings following the fast, or it may have come from an increase in 
virus (‘ontent of the salivary glands by accretion from the blood during 
the fast, or it may have been due to other fa(‘tors. However, an 
increase in virus content of the salivary glands by virus multiplication 
during the fast would seem to be excluded in view of evidence j)re- 
sented later in this paper which indicates that no inultipHcation of 
virus occurs in the leafhopper. 

DISTRIBUTION OF VIRUS IN DIFFERENT PARTS OF THE 
LEAFHOPPER 

Tlie deterniination of the distribution and location of tlie virus in 
the beet leafhopper was only partially accoin])lished, because of the 
difficulty of avoiding contamination from parts other than tlioae 
selected for test. Tests to gain some conc'opt of the virus content 
of the blood, salivary glands, alimentary tract, and feces were made 
as follows: 

JiUiodr —Leafhoppers were etherized and fastened to a ])ie(‘e of (*ard- 
board by means of a thread drawn tight enough to i)lace a slight 
pressure on the thorax. Under a dissecting microscope, a siifiall open¬ 
ing was made in the abdominal wall, through whi(*h a small clrop of 
liquid escaped. This' coagulated in a short time and was removed on 
the point of a needle to a 5-percent sugar .solution. Drojis of blooil 
from 20 leafhoppers were mixed with 1 cc of sugar solution, and 20 
nonviruliferous leafhoppers wwc allowed to feed on the mixture. The 
leafhoppers were then caged singly on seedHng beets to determine 
whether they had picked up virus. A wash of alcoholic precipitate 
of the macerated remains of the leafhoppers from w hich the drops of 
blood were taken w^as tested for virus and a further test was made of 
the virus content of 20 viruliferous leafhoppers from which no blooil 
was removed. 

Salivary glands ,—The heads with part of the thorax w^erc removed 
from 20 viruliferous leafhoppers. The salivary glands were dis¬ 
sected out in drops of water, passed tlirough distilled water, and 
macerated in 1 cc of sugar solution, and 20 nonviruliferous leafhop¬ 
pers were allowred to feed on the mixture. As a check, the remains 
of the dissected leafhoppers and also 20 nondissected leafhoppers w^re 
tested by tlie alcoholic-precipitation method. 

Large numbers (200 to 300) of viruliferous leafhoppers 
were placed on curly top diseased leaves in large Erlenmever flasks 
and allow-ed to feed at a temperature of 85® to 110® F, for 3 to 4 
hours. Air was circulated to keep the flasks dry. The feces depos¬ 
ited on the sides of the flasks were removed by wavshing wdth distilled 
water. Alcohol w^as added and a wash of the precipitate was pre¬ 
pared and tested for virus. An extract from 20 viruliferous leaf- 
hoppers w^as tested as a check. 
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Alimentary camxL —Virulifcrous leafho{)])ers were ea^ed on petioles 
of healthy beets for 24 hours in order to allow for partial or complete 
removal of materials previously taken up from diseased plants. After 
this period the alimentary tracts from 20 lcafhop[)(»rs were dissected 
out m drops of distilled water. The alimentary tracts were then 
])asse(l through distilled water and macerated in suj^^ar solution. The 
Mal])ighian tubules were included with the tested |)arts, and undoubt¬ 
edly some blood was carried over. The remains of the dissected leaf- 
hoppers and also 20 nondissected leafhoppers were tested as checks. 

The results of these tests (table G) show that virus was obtained 
from all of the ])arts tested. Probably the results frojii blood and 
feces may be (‘onsidered the most reliable, since the bloo<l and fe(‘(‘s 
had least chance of being contaminated with Aurus from other parts. 
These results indicate that a small amount of virus passcul through 
th(^ leafhoi)])er and was present in a(‘tive condition in the feces. There 
is a])parently juu(‘h less virus in the salivary glands than in the 
remainder of the ]eafhoj)per. This seems to show that the salivary 
glands are not the virus reservoirs of the insecd. 

'Taulk (J —Yu'ya content of (ftjjcrcnl fjorffi of the heel leafhopper 


KxpciinicMil No 

Source of jiioouluin 

j 

, I’l.inisin- i 

1 oculaied i 

1 1 

JMants infected 


i 

1 Nurnbd ■ 

Kionbcr 

J\rcf rtf 


i| Blood- . _ 

_ 1 (>0 1 

14 

23 3 

]. . 

i Ixnifhoppcis (lemuins) . . . 

, 1 lie:ifhoi»pcis 

. i 1.0 . 

- . 1 no 1 

21 

23 

% 3”. 0 
3S 3 


j paluary glands . 
l-j fiOafhojipi'rs (rcmuiiisj - 

1 40 1 

10 

25 0 

2_- 

- 1 40 

2K 

70 0 


11 Lcafhopiiers. 

- 1 40 , 


0 


|j Feces. .. 

; Leiiflioppcrs. 

UK 1 

IH 

12 2 


1 140 , 

K7 1 

02 1 


j (Alimentary canal. 

40 1 

IS j 

45 0 


,/Leafhoppers (roniams), 

40 ! 

22 

55 0 


11 Leafhoppers. - - - 

40 i 

17 

42 5 


DOES THE VIRTJS MULTIPLY IN THE INSECT VECTOR? " 

Tiie manner of transmission of plant viruses by insects undoubt¬ 
edly varies, depending on the species of insert involved and j)erhaps 
on the virus also. Certain in.se(*ts transmit a])parently by sijnple 
transfer of the virus on the mouth ])arts. In such cases it is prob¬ 
ably unnecessary for the virus to pass through the body of the insect. 
Vectors of this type soon lose their pow(U’ to cause infection when 
deprived of new sources of virus. 

Other insects ingest vii’us and retain it in their bodies over more or 
less extended periods, as is shown by their ability to transjuit dis¬ 
ease after being confined to immune ])lants. Retention of virus in 
tliis wa}^ has led to the suggestion of a biological relation between 
virus and insect in certain instances. That this relationship involves 
a stage of development of the virus in the insect has not been shown, 
but it has been rather generally accepted as evideiK'e that certain 
viruses multiply in their insect vectors. 

Kunkel {9) suggested that the long incubation period of the virus 
of aster yellows in the vector Cicadula sexmtaia Fall and the length 


3 After this paper was prepared for publication, Freitag {€) published an article in which eNtonsive evi¬ 
dence is iiresented indicating that the cnrly top virus does not multiply in the insect vector. 
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of time it retains the virus wlien confined to imniunc plants indicate 
multiplication of the virus in some tissue of the insect. 

In studies on Cicadulina mbila Naude, vector of the virus of streak 
disease of maize, Storey {10) dove1o])ed ^Sictive’’ races of the insect, 
capable of causing infection after feeding on diseased plants, and 
^^inactive” races, incapable of causing infection after feeding on dis¬ 
eased plants. When transferred to virus-free plants at frequent 
intervals, active individuals usually retained the virus during life but 
certain individuals lost it. Leafhoppers that had lost the virus re¬ 
gained their ability to produce infection after feeding on diseased 
plants. Inactive indiviciuals wtu'c able to act as vectors when virus 
was introdu(‘od into their body cavities by artificial means. How¬ 
ever, these leafhoppers retained their ability to transmit for only a 
relatively short period. Apparently tlie size of the initial charge of 
virus greatly influenced tbe length of tune in which the leafhoj)per 
could produce infection. Therefore, it seems probable in this case 
that there was no multiplication of virus in the insect. 

Fukuslii {8) found that tbe virus of dwarf disease of rice is carried 
through the egg stage to the third generation in the leafhoi)])er 
A'ephotetiix apicalis Motsch. var. cincticepfi Ubl. This probably is the 
strongest evidence available that a x>lant virus multiplies ii» its insetd 
vector, for in the absence of multiplication infection from enormous 
dilutions would be required. 

wSeverin (11) found that male beet leafhoppers when transferred 
daily to healthy sugar beets retained their ability to jiroduce infection 
thrcfiighout their adult life. Other evidence supports the view that 
after leafhoppers acquire the virus of curly top the}" retain their 
ability to produce infection for long periods under a wide range of 
conditions. 

A number of experiments were performed to determine whether this 
ability is due to multiplication of the virus in the insect or to a long 
period of retention of the virus acquired by the insect through feeding. 

In one series of tests attemj)ts w^ere made to introduce the virus 
into the blood of the leafhopper in a manner similar to that employed 
by Storey (W) in introdmang the virus of maize streak into Cicadulina 
mhila. In these tests nonviruliferous leafhoppers were etherized and 
bound to a jiiece of cardboard under a binocular microscope. With 
the aid of a micromanipulator, the tip of a catiillary tube filled with a 
niedium containing the curly top virus was inserted into the abdom¬ 
inal cavity and a portion of the liquid injected into the leafhoi)per. 
Fifty leafhoi)]>ers were treated in this manner and caged on seedling 
beets. Mortality among the leafhox)pers was high and after 7 days 
only seven were alive. No infection was obtained witli the seedling 
beets. 

In other tests, punctures through drops of media containing the 
virus were made in the abdominal and thoracic, cavities of nonvirulif¬ 
erous leafhoi)pors by means of small needles. Phloem exudate from 
diseased beets and (Irojjs of blood from viruliferous leaflioppers wrere 
used as sources of virus. One hundred leaflioppers were treated and 
(‘.aged singly on seedling beets. Mortality among those leafhoiipers 
was much lower than among those injected by means of capillary 
tubes. After 7 days, 51 leafhoppers were alive. No infection was 
obtained on the test beets. 

To determine whether the virus content of the leafhoppers decreased 
with feeding on plants from which they could pbtain no additional 
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virus, viruliferous leafhoppers were confined to plants very resistant 
or immune to curly top and tested at intervals for ability to infect 
seedlintx beets and for virus (‘ontent. 

In the earlier tests, Australian saltbusli (Atriplex sem/ibaccata li. Br.) 
was selected as the resistant plant on whiidi to confine the leafhoppers. 
Although extremely resistant, this plant is probably not iinnume to 
curly top under all conditions, for Severin and Henderson {15) suc¬ 
ceeded in obtaining a small amount of virus from 3 of 30 plants pre¬ 
viously inoculated repeatedly by means of large numbers of virulif¬ 
erous Icaflioppers. In all tests reported here, large numbers of the 
nyin})hal progeny of the colonies on Australian saltbush were caged on 
seedling beets at intervals during the course of the test to determine 
whether they had acquired virus. None produced infection, and it 
was accordingly assumed that the adult leafhoppers of the colonics had 
not acquired virus from the plant. After Severin and Freitag {H) 
sliowed that sweet corji is a favorable food plant for the leafhopper and 
also immune to curly to]), all experiments were repeated wdth the 
Golden Bantam variety of sweet corn used in place of Australian salt¬ 
bush. No significant dilference was obtained with leafhoppers con¬ 
fined on the two si)ecies, and it seems ])robable that the results ob¬ 
tained with Australian saltbush are as reliable as those obtained with 
corn. 

Three tests w(^re made. In the first test, colonies of viruliferous 
lenfhopp(»rs reared t-o the adult stage on curly top beets were divided 
into two lots. One lot remained on curly top beets and the other lot 
was transferred to Australian saltbush or sweet corn. Tests of^ tlie 
ability to produce infection were made at weekly intervals by caging, 
singly, 20 Jeafhoppirs on seedling beets for 24 hours. After 24 hours, 
the 20 leafhoppers of each lot were mac^erated and tested for virus 
content by the alcoholic-precipitation method already described. 
The results are summarized in experiment 1 of table 7. 

In the second test, colonies of approximately 1,000 non viruliferous 
leafhoppers just emerged into the adult stage were placed on curly top 
plants for a ])eriod of 2 hours at a temperature of about 110° F. This 
short feeding period was used in order to provide a smaller charge of 
virus than that held by leafhoppers reared on diseased plants. At the 
expiration of the 2-hour feeding period each colony was divided into 
two lots. One lot was placed on Australian saltbush or sweet corn 
and the other lot remained on curly top beets. At intervals, 20 leaf¬ 
hoppers were taken from each lot and caged singly on seedling beets 
for 24 hours. The leafhoppers were then macerated and each lot 
tested for virus content as in the first experiment. The results are 
summarized in experiment 2 of table 7. 

In the third tc^st nonviruliferous leafhoppers w ere allowed a feeding 
period of 0 hours on a water wash of an alcoholic precipitate from 
macerated viruliferous leafhoppers. Previous tests had shown that 
leafhoppers acquire very low charges of virus through feeding on such 
suspensions. After feeding on the liquid the leafhoppers were caged 
on sweet corn. At intervals, 20 leafhoppers were removed iind caged 
7 days on seedling beets to determine their ability to infect. A( the 
same time 20 other leafhoppers were removed from the cage and tested 
for virus content by the alcoholic-precipitation method already de¬ 
scribed. Checks were run with leafhoppers from curly top beets as 
in other experiments. The results of several repetitions of this experi¬ 
ment are shown in experiment 3 of table 7. 
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All additional test was made in which leaflioppers were transferred 
at daily intervals to healthy beets. In this test 28 half-grown non- 
viruliferous nymphs were allowed to feed on a virus suspension, and 
hours later they were caged singly on heiilthy beets having four to 
six leaves. The leaflioppers were transferred daily to fresh beets over 
a period of 90 days or until tliey died. Infecdion decreased with time 
and no infection was produced" by any of these leafhopiiers after 54 
days. The record of five leaflioppers for 90 days is shown in table 8. 
On the ninety-first day these leaflioppers were allowed to feed on a 
curly top plant and were then transferred daily to healthy beets over 
a period of 9 days. Three of these leafhopiiers ai^quired virus and 
infected a large percentage of the plants on which they fed. This 
jiroves conclusively that these leaflioppers had not lost their ability 
to act as vectors and that tlieir jirevious inability to infect was due to 
depletion of their virus content. 


Table S.- Plants injected ^ n/ 00 successive days hy five leaflioppers that had 
previously acquired a low charge of virus by feeding (i hours on extracts from 
vn uliferous Icafhoppers; also plants infected by the same leaflioppers after feeding 
1 day on a curly top plant 
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The results of these experiments showed that when Icafhoppers were 
transferred at frequent intervals to beets or were confined to plants 
extremely resistant oi* immune to curly top their virus content 
decreased with time. The decrease in vhus content was more rapid 
than the decrease in ability to produce infection by direct feeding, 
which is further evidence that the amount of virus required by the 
leafhopper for maximum ability to infect is appreciably less than the 
maximum charge of virus that it is capable of carrying. The level 
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to which the virus (content aud ability to infect (Iropped in cS to 10 
weeks was inllueuc(‘(l by the size of the charge of virus carried by the 
leafhoj)pers at the time they were placed on iminune plants. 

In view of the foregoing evidence and the failure to impart ability 
to infect by injecting virus suspensions into the leafhoppers, it setmis 
probable that there is no multiplication of the curly top virus in the 
beet leafhopper. The prolonged periods over whhdi the leafhopper 
is able to produce infection when deprived of plant sources of virus 
may be explained by the ability of the vhus to retain its activity in 
the body of the leafhopper for long periods and to a slow rate of loss 
of virus by the leafhopper. The period of virus retention is sur])ris- 
ingly long. 

INDIVIDUAL VARIATION IN ABILITY TO TRANSMIT THE VIRUS 

From results already presented it is evident that individual beet 
leafhoppers vary greatly in their ability to transmit the curly top 
virus. Similar individual variations in infective ability have been 
found in at least two other vectom of plant viruses. 

Storey {19) found individuals of Cicadulina rnhihi incai)able of 
transmitting the virus of streak disease of maize under the conditions 
of Ids experiments. Selection and mating in successiv(». generations 
produced races in which none of the individuals wt're capable of trans- 
nutting virus. Selection and mating also gave races in winch all tlie 
individuals w^ere able to transmit virus. Tests of progeny of crosses 
between the two races indicated that ability to transndt is a. s(jx- 
linked dominant chara(*.ter. Fukushi (7) observed a wide variation 
in the ability of Ne'photettix ayiralis var. chicticeps to transmit the 
virus of stunt disease of rice and found numerous individuals appar¬ 
ently unable to transmit it even after they had fed throughout their 
nymphal stages on infected jdants. 

By testing large numbers of beet leafhoppers from stO(!k colonies and 
field collections individuals were found that failed to transmit the 
curly top virus to small beets in 7 to 14 days in suflicient (juantitus 
to cause infection. However, when successive selections and matings 
were made from these leafhopi)ors their Fs, and F 7 progeny retained 
the ability to transmit virus when caged 14 days on seedling beets. 
These tests were extensive enough to hidicatc strongly that, in the 
colonies used, there were no individuals inherently lacking in ability 
to transmit the virus. It was not determined whetlier these selections 
were less effective than the original stock in transmitting virus in 
short-interval transfers. 

An attempt was made by successive selection and matiug to develop 
strains of leafhoppers that would differ in ability to transmit the virus. 
In these tests individuals w^ere allowed to feed G minutes sticcessivelj" 
on each of 20 seedling beets. The percentage of infection resulting 
was considered a measure of the transmissive ability of the leafhopper. 
Individuals that produced little or no infection in these tests were 
mated, and selections were made from the progeny in each su(*cessive 
generation through the F 7 generation. A similar* process of breeding 
and selection w^as carried through the Fo generation for leafhoppers 
high in ability to transmit. At first selections were made of tlic most 
promising individuals regardless of source, but later close inbreeding 
m each line wafe practiced and only brother and sister matings were 
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made. Tests of the ])rogeny of each generation were made as 
described, except in the Fr, F^, and generations of the low strain, 
ffere, in order to give the leafhoppers a greater chance to produce 
infection, tiiey were left on the seedling beets 12 to 24 hours. 
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Figi'Rk .i liosults of selectiiiK mu\ mutiny hoot Icafhoppm diJleriiiKUj abilit v to transmit curly t«»p virus. 
In the (lia^rrtmi the percentuKe shown aimvo Hie line following the symbol for sex shows the infective 
rapacity found 'I'he first numtiei liehm the line indicates the number of leafhoppers in the progeny 
of this mating that were tested The second nun»t»er (in parentheses) indicates the averap** i>ercentage 
of infection produced. I’erciml.iges of infection were determined by the numlier of plants infected yhen 
liO plants wete inoculated. Six-mmute feedings were u.sed except m the tests of progenies of the last three 
generations of the low strain (numbers underlined), m which the feeding periods were longer (12 to 24 
hours). 


These tests were not cpried as far as was desirable and the original 
selections were not as rigid as they should have been, especially in the 
strain selected for higli ability to transmit. The two lines of deseent, 
including the individu¬ 


als that were mated and 
the results of the tests of 
the progeny of each mat¬ 
ing, are shown in figure 3. 

Figure 4 shows a 
graphic analysis of the 
entire tested popula¬ 
tions of each strain from 
the third generation to 
the end of the selections, 
based on the number of 
plants each leafhopper 
infected out of the 20 



idants on which it fed. 
Figure 4 includes all the 
leafhoppers from figure 
3 and several more from 
each strain which for 


Ku’.i’RE 4.—Distribution of the tot«l tested populations of the high 
and low strains (beginning wdth the third generation) on the basis 
of individual ability of leuflioppers to transmit curly top virus as 
indicated by the number of plants infected by each individual in 
the tests in which each leafhopper fed successively on each of 20 
seedling beets. 


various reasons were not included in figure 3. The data in figure 4 
show that the leafhoppers of the low strain were predominantly low in 
ability to transnfit and that the leafhoppers of the high strain were 
predominantly high in ability to transmit. 
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The individuals of two populations shown in figure 4 were divided 
into two groups. Those individuals that infe(*ted seven plants or less 
were considered low in ability to transmit and those that infected eight 
plants or more were considered high in ability to transmit. On this 
basis, 119 of the 143 tested individuals of the low strain were low in 
ability to transmit and 24 individuals were high. In the h^h strain, 
53 of the 186 individuals were low in alulity to transmit and 133 were 

Using these data to determine according to Fisher's (5) method 
for testing for independence in a 2X2 classification, a value of 97.038 
was obtained. Since a value of 6.635 gives odds of 100 to 1 favoring 
independence, a value of 97.038 uould give very high odds in favor 
of the concept that the two strains of leafhoppers used in these experi¬ 
ments were genetically different. 

The foregoing results seem to indicate clearly that degree of effec¬ 
tiveness in transmitting curly top virus is heritable and that strains 
of leafhoppers below the average and strains above the average in 
transmissive ability can be developed. As yet, however, there is no 
evidence that a strain inherently lacking in ability to transmit the 
curly top virus can be developed. 

RELATION OF CURLY TOP VIRUS TO CERTAIN NONVECTOR 

INSECTS 

The only vector of the curly top virus in North America is the hnif- 
hopper Eutettix tenellus. None of the other s])ecics of insects that feed 
on sugar beets or other plants susceptible to curly top have been found 
capable of transmitting the virus, even when used in very large num¬ 
bers. Several of the spe^des of insects that feed on beets seek out tlic 
phloem and must of necessity pick up virus in the course of tlieir feed¬ 
ing since the virus content of the phloem is high (2). The relations of 
of the virus to those insects and the factors preventing their acting 
as vectors hold considerable interest for those dealing with virus 
diseases. 

ACQUISITION OF VIRUS 

A number of the common species of insects that feed on sugar beets 
were tested for virus content after being allowed to feed on curly top 
beets. These s})ccies * include the aphids Myzus persicae (Sulz.), 
Aphis rumicis L., and Pemphigus betae Doane; the leafhoppers 
Aceratagallia caJifornica. (Baker), Phlepsius strobi (Fitch), and 
Empoasca sohna (De U)ng); the thrips Hercoihrips Jemoralis (Reuter); 
and a red spider, Tetranychus sp. Freehand and prepared sections of 
beet leaves have demonstrated that Aphis persicae and Aceratagallm 
californica arc phloem feeders. IVobablj^ Aphis rumicis^ Pemphigus 
betaej and Phlepsius strobi also feed on the phloem. The remaining 
three species probably obtain all or most of their food from the 
parenchyma. 

The insects were caged on diseased beets 2 days to 2 weeks, the 
time varying with the species of insect involved. At the expiration 
of the feeding period, a 30-mg sample of insects was taken. An ex¬ 
tract was prepared from this in the manner already described, and 

< The writers are indebted to P. W^ Oman for identification of F.mpoaifca ^olana and Aceratagalhn califor- 
nica; to J. C. Crawford and Stanley F. Hailey for identification of Ilercothrips femoralh; to li E Ewine 
for identification of Tetranychus sp ; and to P. W. Mason for identification of Myzus persme 
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fed to iionvirulifcrous beet leafhoppers. After a feeding period of 4 
to 6 hours on the prepared extract, the leaflioppors were caged singly 
on seedling beets for 7 days. The number of plants infected was taken 
as a measure of the virus content of the insects from which the extracts 
wore derived. The virus content of the leaves of the diseased beets 
on which the insects had fed was tested in the usual way by the 
alcoholic-precipitation method, 1 cc of juice being used in each test. 

All the species of insects used in these tests picked up virus from 
diseased beets, ancj some of them acquired it in relatively large 
(quantities. ()ne might judge that the virus per unit weight is more 
concentrated in some of these insects than in the beet juice. It is 
worthy of note tliat those s])ecies that presumably fed only on the 
parcTU'.hyma acquired virus, although apparently the quantity was 
much smaller than that obtained by insects that fed on the phloem. 
No method has been devised for determining the original tissue source 
of the virus picked up b}" insects that restrict their feeding to paren¬ 
chyma. ^Vliile it may have been picked up directly from the paren¬ 
chyma cells, it seems more probable that it was derived from phloem 
exudate that had esca])ed into the intercellular spaces of the paren¬ 
chymatous tissues. Tlie results of these tests are shown in table 9. 

Taui.e 9, - Acquisiftat) of virua by {hfft'ieiil of insects 


Souroe of virus and results 



K\tructs from inaceruted 

tracts 

from juice of plints 

Insect tested 


insects 


on which insects fe<l 


! Plants i 



Plants 




! inoeu- 1 

Plants infected 

inocu* 

Plants infected 


' laleti 1 

- 1 



lated 




1 Number 1 

\ umber 

Percent 

Number 

Number 

Percent 

\cerat(t(/all}a cahfornicu . 

_ ' 140 1 

02 ' 

44 3 

100 

42 

42 0 

I*hl€j)smis sfrobi . . 

' 20 

f> 

25 0 


_ 


Mvzv/t pnsicac . . 

100 

01 

01,0 

20 

15 

75 0 

Aphfsrumicifi^ __ 

J*rrnphtgvff bftac,. 

; i(K) ! 

23 

23 0 

1(K) 

31 

31.0 

.1 00 1 

9 

15.0 

20 ! 

12 

00 0 

P'mpoasca ml ana.. .. 

; 180 

37 

20 5 

180 j 

09 

38. 3 

Jlercolhnpsfemornltin ... 

1 220 1 

22 

10 0 

100 1 

70 

43.8 

Tftranychuft sp. (from beet) 

- j 00 j 

17 

2S.3 

00 1 

28 

40 7 

7V/ra/» sj), (from oxali.s), . 

-1 ^<0 i 

J1 

13 8 

80 1 

1 

0 

.0 


LONOEVITY OF VIRUS IN NONVECTOR SPECIES 

With the exception of the aphid Pemi^higus betae, the species of 
insects mentioned above were used in tests to determine the time the 
virus remained active in the insects after they were removed from 
disemsed plants. Large numbers of individuals of each species were 
caged on curly top beets for 2 days to 2 weeks, after wliich they were 
transferred to healthy beet plants. At intervals, 30-mg quantities 
were removed and tested for virus content. The two species of 
aphids multiplieci so rapidly that it was difficult to keep the individuals 
that had fed on diseased plants separate from their progeny. After 
a few preliminary trials, attempts to effect this separation were 
abandoned and tests were made on 30-mg samples from each colony 
without regard to age of insects used. With all other species, only 
the individuals that fed on diseased plants entered into the tests for 
the presen(‘e of virus. 
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Myzus persicae retained virus 14 days and Aphis rumicis retained 
it 7 days. It is probable that virus could have been recovered from 
these two species after longer periods on healthy ])]ants if tests had 
been restricted to the insects that fed on diseased plants. Acerata- 
gallia californica> retained virus 21 days, tbougli there was a progressive 
drop in virus content from the time the leafhoppers were removed 
from diseased plants. Those species that fed only on parenchyma 
lost the virus in a rclatmdy sliort time. Tlie results of these tests 
are shown in table 10. 

T\ble 10 .—RHcnlion of virus by different species of insects 


Inspfl tpsled 


AceratagalUa ealifornica 

Phlepsius strobi . 

Myzus persicae . 

Aphis rumicis.. .. 

Empoasca sot ana. _ 

TTercothnps /emoralis... 
Tctranychus sp. 


IMauts 


riants infected from extracts of insects after the insects had 
been on healthy beet plants for— 



laicd 

0 day? * 

1 day 

3 days 

7 days 

14 days 


Number 

Number 

Number 

Nu mber 

Number 

Number 


80 

3r> 

21 

JS 

0 

2 

_ 

20 

8 

0 

0 

U 



40 

24 

22 

20 

0 

2 


100 

2r» 

22 

1C 

11 

0 


80 

22 

10 

0 

0 

1 


20 

1 

0 

0 

0 

. ! 

---- 

CO 

5 

2 

1 

0 

‘■ 'i 


21 days 


Number 

1 

" 0 


i Tests made immediately after removal of the insects from curly top plants. 


DISCUSSION 

• 

The curly top virus extracted from the plant by the bot't ]('nflioi)])cr 
in its feeding is probably derived chiefly from the plilotun. As the 
leafhopper feeds, the virus evidently passes through the mouth 
parts into the alimentary canal along with food materials. Little is 
known regarding the effect of the contents of tlie alimentary canal 
on the virus. The experiments reported here show that the virus 
passed through the insect and w^as recovered in the feces. The con¬ 
centration of virus in the feces could not be determined, but there is 
reason to suspect that it was far below that of the food material that 
the leafhopper ingested. Experiments by Severin (i^) indicate that 
under certain conditions no virus is recoverable from tlie feces. It 
seems probable, therefore, that there may be considerable inactivation 
of virus in the alimentary tract. Studies with dyes indicate that at 
high temperatures ingested materials pass through the leafhoppers in 
30 minutes to 2 hours. Therefore, if there is inactivation of virus in 
the alimentary tract, the inactivating substances must be (piite effec¬ 
tive and capable of acting in a relatively short time. 

The virus passes from the food material tiiken in by the leafhopper, 
through the walls of the alimentary canal, into the blood, where^ 
according to present'indications, it reaches a maximum concentration 
after the leafhopper has fed on diseased plants for 7 days or more. 

The blood would appear to be a very favorable me<lium for preserv¬ 
ing the virus. In reaction it is slightly alkaline in this respect 
bemg somewhat similar to phloem content, which is considered the 
most favorable plant medium for the virus. The high colloidal 
content of the blood may function in greatly reducing loss by diffusion 

Since the curly top virus is able to retain its activity for 4 weeks or 
more in certain extracts from plant juice and for 10 months or 
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xnore in dried phloem content, it seems probable that it would retain 
its activity for relatively long periods in a medium as favorable as the 
blood is presumed to be. Once the virus enters the blood, loss would 
be restricted to that resulting from inactivation and from diffusion into 
the salivary glands and possibly back into the alimentary tract. 
Assuming no multiplication of virus in the insect, the time that a leaf- 
hopper would remain viruliferous when deprived of new sources of 
virus would depend, therefore, on the original amount of virus carried, 
on rate of inactivation, and on rate of loss by diffusion into the 
salivary glands and into the alimentary tract. " If the initial virus 
charge was high and losses were small, the leafhopper would retain 
its ability to transmit virus over a relatively long period. 

Of the factors influencing retention of virus by the leafhopper, oidy 
size of initial charge can be governed experimentally. Decreasing 
the size of the initial virus charge definitely shortened the time in 
which the leafhoppers were able to produce a maximum amount of 
infection. This, together with the evidence that the 'virus content 
decreased with time regardless of the size of the initial charge, indi¬ 
cates lack of reproduction of the virus in the leafhopper. If the same 
condition holds generally among insect vectors that retain viruses 
for long periods, much of the e\ddence now accepted as supporting 
the idea that certain idant viruses multiply in their insect vectors 
must be reevaluated. 

The virus evidently passes from the blood hito the salivary glands, 
w here it is mixed wdth the salivary secretions and f)assed into the plant 
when the leafhoppers feed. The relatively small amount of vii*us 
obtained from salivary glands removed from the leafhopper shows 
that these glands arc not the chief virus reservoir. Other evidence 
suggests that tlio salivary glands may bo somewhat unfavorable to the 
virus. It may be that the failure of leafhoppers to produce a normal 
amount of infection in the first and second 6-minute feedings after a 
long fasting j)eriod is due to j)artial inactivation of virus in the salivary 
glands by long contact with salivary secretions. 

A more thorough study of the relation of the curly top virus to 
different tissues and fluids of nonvector species of insects, such as 
Aceratagallia californica and Myzus persicac, that pick up large quan¬ 
tities of virus and retain it for considerable periods, should shed light 
on the question of insect specificity in virus transmission. Since the 
virus retained its activity for several days in the bodies of the two 
species of insects named above and since both fed in the phloem, their 
inability to cause infection was not due to lack of active virus or to the 
tissue on which they fed, but evidently resulted from the presence of an 
effective barrier to Virus passage in some part of the insect. 

SUMMARY AND CONCLUSIONS 

Beet leafhoppers, Eutettix teneUus (Baker), picked up virus from 
diseased beet plants in a feeding time of 1 minutt^, and viruliferous 
leafhoppers infected healthy plants in a feeding time of 1 minute. 
However, the minimum time for an individual leafhopper to pick up 
virus from a diseased plant and transmit it to a healthy plant was 4 
hours. 

Nonviruliferous leafhoppers placed on diseased plants acquired 
sufficient virus in 2 days to give them their maximum ability to infect 

47419—38-4 
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seedling beets. A longer feeding period was necessary to enable them 
to acquire their maximum charge of virus. 

A fasting period of 18 hours decreased the ability of leaflioppers to 
produce infection in the first two G-rninute feedings following the fast 
period. Feedings following a fast period of 15 minutes to 3 hours 
produced more infection than those following hist periods of 1 to 6 
minutes or those following fast periods longer than 3 hours. 

Virus was obtained from the blood, salivary glands, feces, and ali¬ 
mentary tract of the Icafhopper, indicating a rather general distribu¬ 
tion of the virus in the insect. However, the more abundant recovery 
of virus from the blood indicates that the blood is the chief virus rescr- 
voir. 

Both virus content and ability to cause infection gradually decreased 
over ])criods of 8 to 10 weeks in viruliferous leafhof)pers when the 
leaflioppers were confined to a very resistant or immune plant (Austra¬ 
lian saltbush or sweet corn). This was true regardless of the size of the 
initial charge of virus in the leaflioppers when placed on the resistant 
or immune plant. 

Leafhoppers that had a low charge of virus, acquired by a 6-hour 
feeding on an extract from viruliferous leafhoppers, lost the ])Ower to 
cause infection after 54 days when transferred daily on small beet 
plants. Howevei*, leafhoppers that had lost the ])ower to cause 
infection regained it when allowed a short feeding period on curly 
top beets. 'Phese facts prove conclusively that if there is any multi¬ 
plication of the virus in the Icafhopper, it is not sufficient to maintain 
th(5 original virus content. It seems probable that there is no multi¬ 
plication of virus in the leafho])per. 

Individual leafhoppers vary greatly in tlieir ability to transmit 
virus. The results of sc^lecting and mating leafhoppers in successive 
generations indicated that it is possible to ])roduee strains lower than 
normal and higher than normal in ability to tiansmit v irus to seedling 
beets in short-interval feedings. However, no individuals inherentl}^ 
lacking in ability to transmit virus were discovered and the results 
indicate that if such individuals exist within the species they ai*(' rare. 

The following nonvector species of insects acquired virus by feeding 
on curly top plants: Myzus pcrsicae. Aphis rumicisy Pemphigus betae, 
Aceratagallia californicay Phlepsius strohi, Kmpoasca sohma, Ilerco- 
thrips fernoralisy and Tetranychus sp. When transferred to healthy 
plants, these insects retained the virus for periods ranging from less 
than 1 day, in the case of //. feinoralisy to 21 days, in the case of 
A, cali/ornica, 
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INFLUENCE OF CERTAIN HARMFUL SOIL CONSTITU¬ 
ENTS ON SEVERITY OF PYTHIUM ROOT ROT OF SUGAR¬ 
CANE ‘ 


By R. p. Rands, Benior pathologiBt, and Eknest Dopp, assistant pathologistj 

Division of Svgar Plant Investigations^ Bureau of Plant Industry, United States 

Department of Agriculture ^ 

INTRODUCTION 

The sevci’ity of root rot of the very susceptible noble varieties of 
sugarcane (Saccharvm. officmanim L.), and particularly of the more 
tolerant and now generally planted hybrid seedlings in Louisiana, 
depends partly at hmst upon the intensity of various host-condition¬ 
ing factors. The principal root-rotting fungus, Pythium arrhenomanes 
Drechsler, may be readily isolated from practically every field and 
from the root systems of both good and poor cane. Its dispersion 
through the soil is favored by the usually abundant rainfall apparently 
whenever conditions, of either transitory or permanent nature, 
[)ermit abundant root infections and rapid decay. 

A high water table combined with fine texture of soil and low winter 
and spring temperatures are probably the chief indirect causes of 
severe outbreaks of mot rot on present commercial varieties. Poor 
drainage in the Louisiana sugar belt is characteristic of the extensive 
low-lying areas of Sharkey clay and many of the transitional ^‘mixed 
lands” separating th(5 former from the higher lying sandy loams 
bordering the Mississippi River and numerous bayous. These Ijeavy 
clays ami clay loams have been variously estimated to occupy from 
20 to 40 percent of the average sugarcane fann. With frequent 
and excessive rainfall they may remain practically saturated for 
periods of a week or longer. This would favor the possible formation 
of substances in the soil inimical to cane growth. Some reduction 
of both inorganic and organic soil compounds might be expected, 
with at least the formation of subtoxic (concentrations of some of the 
reduced products. Should these exert a predisposing effect on the 
roots for pythium attack, the unusually severe root rot, arrested 
growth, yellowing of foliage durmg periods of drought, and delayed 
stooling differed during some seasons by ordinarily root rot-tolerant 
varieties might be explained. 

During the course of a detailed investigation of the relation of 
envii*onmental factors to the severity of root rot the possible pre¬ 
disposing effect of various deleterious substances that may arise 
under conditions of poor soil aeration and drainage was studied. 
This paper presents the results of such experiments with hydmgen 
sulphide and salicylic aldehyde 

» Received for publication July 2, 1937; issued March 1938. ^ . .» .• 

^ The writers are indebted to P. R. Dawson, senior biochemist, Division of Soil fertility Investigations, 
Bureau of Plant Industry, for critical reading of the manuscript. 
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RKVIEW OF LITERATURE 

No soils in VOS titrations have been conducted in relation to this 
specific problem in Louisiana, although Flor (1) ** attempted to 
determine whether the severe root rot in seepage areas along the 
Mississippi River might not be due to the accumulation of toxins. 
His failure to demonstrate toxins might possibly have Ix^en due to 
oxidative and other beneficial changes taking place in the untreated 
seepage soil during the considerable period between its collection and 
use in his greenhouse experiments. 

In studies of the decomposition of cane trash in Louisiana sugarcane 
soils, Sturgis {13) found that intermittent high moisture during late 
winter and spring greatly retarded decomposition and nitrification 
and appeared to bring on a toxic condition which disappeared rela¬ 
tively slowly when better drainage and higher temperature prevailed. 
More recently Sturgis {14) has reported on the effect of waterlogging 
and organic matter on the rate, intensity, and amount of reduction 
in Sharke^T^ soils incident to the growing of rice. Addition of organic*, 
matter markedly increased the intensity of reduction and accumula¬ 
tion of reduced iron and manganese. Robinson (4) found unusually 
large amounts of soluble ii’on and manganese and the presence of 
sulphides in poorly drained spots in fields wLerc corn grew poorly. 

With respect to the occurrence of harmful organic compouruls in 
soils, the earlier extensive investigations of Schreiner, Shore}^ Skinner, 
and associates (J, 6', 7, <S’, /y, 10^ 11) may be cited. They isolated a 
wh(/le series of injurious compounds from unproductive soils charaej- 
terized by poor aeration, low biologic activity, deficient or poor soil 
preparation, and excessive moisture content. Deficiency of oxygen in 
the decomposition of plaiit residues caused the accumulation of sucii 
intermediate and injurious products as vanillin, salicylic aldeliyde, 
acrylic acid, dihydroxystearic acid, and benzoic acid, all of which 
wore injurious to plant growth in relatively low concentrations in 
water cultures. 

MATERIALS AND METHODS 

A standardized method for growing stigarcane in sand-nutrient 
cultures and the wTiters’ root rot inoculation procedure have been 
partly described in an earlier publication {^). The method consists 
essentially in the use of a high-purity Pennsylvania cjuartz sand in 
3-gallon glazed crocks provided with a )^-inch drain hole in the bottom 
from which a rubber tube conducts excess liquid to a 2-quart mason 
jar placed below' each crock (fig. 1). The jar is painted black to pre¬ 
vent the grow'th of algae. It holds approximately 1,900 cc, and the 
sand in the crock, depending upon its fineness, retains against gravity 
about 2,000 to 2,000 c/c, making a total of about 4 to 4.5 liters in the 
system. Daily, or twice daily, between changes of nutrient, the con¬ 
tents of the jar are poured over the sand in the crock, and any defi¬ 
ciency of leachings noticeable in the jar from evaporation and transpi- 
ration during the preceding day is made up by the addition of distilled 
water. This procedure not only simulates the probable effect of rain 
in dispersal of and infection by the fungus, but tends to equalize con¬ 
centration of the solution throughout the culture. 

s Reference is mude by number (italic) to Literature Cited, p. 07. 
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The nutrient solution is partly or completely renewed at weekly or 
longer inteiwals, ac(‘ording to the recpiireincnts of the plants. Hydro- 
gen-ioii determinations on fresh leachings are made weekly or more 
frequently, and the ratio of ammonia to nitrate ions is so varied as to 
maintain a slightly acid reaction, about pll 6 . 0 , which is favorable 



Figure 1 —Method of crowinir suKurt’ano in saud-nutnont cultures. A rubber drain tube from the bottom 
of each crock conducts excess nutrient into the jars, the of \vhich arc up to 

volume and poured back into the crocks to eQualizo the concentiation throughout the culture. 


for cane growth. The nutrient solution R, used in most- of the 
writers^ experiments, contains the following salts in the partial volume- 
molecular concentrations indicated: NII4NO3, 0.00225; Ca(N 03)24 H2O, 
0.00225; KH^POi, 0.0015; K 2 HPO 4 , 0.0005; MgS04, 0 . 001 ; KCl, 
0.0025; plus rarer elements in parts per million, re 5.0, Mn 1.0, B 0.5, 
A1 0 . 5 , Cu 0.25, Zn 0.25, Br 0.25, and traces of Si and Ti. 
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Youii^ 8u^axcanc plants of uniform heiglit and stature, prcviotisl^y 
8 prout(Hl in 4-inch pots of sand, are reset in the crocks with their 
attached 2- to 3-inch cutting and without disturbing the roots. After 
a week to 10 days the plants have become established and are sup¬ 
ported at least partly by the development of their permanent or shoot 
root system. At this time treatments are applied and the various 
replicates of the treatments are placed in randomized arrangement on 
the greenhouse ben (dies. After another week the cultures that are 
to re(‘eive the root-rotting pythium are inoculated. 

Since an important effect of root rot is a retardation of growth and 
reduction in the number of suckers, or tillers, each experiment was 
continued for 2 to 3 months, or until further growth represented mei’ely 
elongation of existing shoots. This w^as follow^ed by weekly measure¬ 
ments of height of all shoots per crock. Harvesting after 2 to 3 
months gave practically tlie same percentage difference between objects 
as after 7 months or until nearly full-grown stalks had developed. 

HYDROGEN SULPHIDE 

Hydrogen sulphide at initial concentrations of 10 and 50 p. p. m. 
in nutrient D w’as studied for effect on growth and root rot of tlu^ 
very susceptible D-74 variety grown in quartz sand cuHiirt^s. The 
cuttings wore sprouted and a uniform group of plants establisluHl in 
3-gallon crocks, with tw'o plants per crock. The hydrogen sulphide 
gas produced from iron sulphide in a Kipp generator w as first bubliled 
through a water trap to remove any accompanying hydrochloric acid 
an(\ then conducted into a measured volume of distilled w’^ater until 
the water w^as saturated. The temperature of the saturated solution 
and published solubility data permitted calculation of the volume of 
solution required to bo’added to each lot of dilute nutrient to give 
hydrogen sulphide com^ditrations of 10 and 50 p. }>. in., respectively. 
The rarer elements ordinarily added to the nutrient were withheld 
because the iron, copper, and zinc salts would be prociiiitated by the 
hydrogen sulphide. They were added the following day to the 
receiving jars before the <u)ntents of the jars were poured over the 
crocks. 

Inoculations were made May 5, 1932, with the authors’ mildly 
parasitic strain No. 730 of Fythiuni arrhenomanes. The treatments 
were started a week later. Each treated series was divided into six 
inoculated and six control crocks, and a similar untreated series served 
for comparison. Fresh treatments were applied weekly. Under the 
w^ell-aerated condition of these cultures, the hydrogen sulphide was 
evidently rapidly oxidized, since no odor was detectable in displaced 
nutrient that had occupied the sand for 24 hours. This w’as accom¬ 
panied by a slightly greater increase of acidity in the nutrient of the 
50-p. p. m. treatment. 

Twice weekly and, for a period, daily determinations of pH revealed 
a rapid increase in acidity in all series from the initial reaction of pH 
0.0 for fresh nutrient to as high as pll 3.8 and 4.0 at the end of the 
first month. This was due to the use of ammonium nitrate as the 
sf)le source of nitrogen in nutrient D. Thereafter part of the total 
nitrogen was added as calcium nitrate, and the ratio of the two salts 
was varied to maintain the reaction between pH 5.2 and 6.5. 




Jaw. 1 ,1938 Influence of Soil Constituents on Root Rot of Sugarcane 


57 


The experiment extended from May 5 to July 2 G, 1932. The 
plants in the untreated and uninoculated series particularly showed 
excellent development, jind those in the remaining series, while 
much retarded and deficient in suckering, showed at no time any 
unhealthy appearance of foliage. Mean total height ot plants and 
dry weight of tops per crock are given in table 1 . 


Table 1. —Effect of hydrogen sulphide on growth and root rot of the very susceptible 

D-?/f variety of sugarcane 




1 Total length of shoots 

Dry weight of tops 

Troatment 


Mean per 

Reduction duo to— 

Mean jier 

Reduction due to— 



crock 

lUS 

Fungus 

crock 1 

HsS 

Fungus 

('ontrols.... 

('enti- 

meters 

168 

Percent 

Percent 

1 Grams 

95 9 

Percent 

Percent 

Inoeulatttd-_ ^ 

80 


40 

00.3 


30 9 

ITjS, 10 p. p. 111.. 

(’untrols ___ 

1 

■ 128 

1 79 

19 

! 75 0 

21 2 

Inoculated.. 


38 

52 0 

30 4 

U 2 S, r»o p p. in.* 

('ontrols. 


125 

21 

70 7 

20 3 

Inoculated. 


1 70 

44 

45.2 

36'] 


! 


. i 


• Dilferenw betwoeu nieanij required for odds of 19 :1»9.8 g, and for odds of 99 * 1,13.1 g. 


Mean plant weights and calculations in table 1 indicate severe 
damagt^ from the sulphide treatments in the absence of the fungus. 
This was expected in view of the well-known poisonous action of 
soluble sulphides on most (Tops. The noticeably darkened appear¬ 
ance of the sand receiving the 50 p. n. in. of hydrogen sulplude indi¬ 
cated extensive jii'ceipitation of insoluble sulphides on the particles, 
but the roots reinaiiied white and were merely deficient in length and 
branching. 

Any weakening or unhealthy eflect of the hydrogen sulphide 
apparently^ did not cause significantly greater damage by the fungus, 
as the last column of table 1 shows. In fact, the yield reductions 
caused by the fungus are not significantly different in any of the 
series, which suggests that in the concentrations employed hydrogen 
sulphide was without infhien(’.e on susceptibility of the plants to root 
rot. 

SALICYLIC ALDEHYDE 

Among the many harmful organic compounds isolated by Schreiner, 
Shorey, Skinner, and associates from unprodiudive soils were several 
of aldeliyde nature (S) that proved to be common constituents of the 
soil organic matter. vSalicylic aldehyde, vanillin, and trithiobcnzialde- 
hyde were definitely identified and studied in relation to crop growth. 
They were considered to have been either directly introduced in 
certain plant remains or formed as intermediate reduction products 
during the decomposition of vegetable residues under conditions of 
high acidity or in soils low in opdizing power and biological activity. 

Salicylic aldehyde was identified by Shorey [10) ^ and greenhouse 
and field tests showing its injurious effect on plant growth were re¬ 
ported by Schreiner and Skinner [8) in 1914. More comprehensive 
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studies on the occurrence and persistence of aldehydes in garden and 
field soils and their influence on crop production were summarized by 
Skinner {11) in 1918. Ten parts per million of salicylic aldehyde in 
nutrient solution cultures rediiced the growth of wheat by 27 percent. 
Generally, less damage resulted from additions to soils; in fact, no 
detrimental effect whatever was determined for certain fertile soils 
well supplied with lime and phosphates. 

Since the occurrence and persistence of aldehydes in soils were often 
associated with poor drainage and low or temporarily interrupted 
biological activity-—conditions which characterize large areas in late 
winter and spring in the Louisiana sugar district—it seemed advisable 
to determine the possible influence of aldehydes on growth and root rot 
of sugarcane. However, as previously mentioned, it has not been 
demonstrated that such substances actually occur in Louisiana soils. 

Preliminary greenhouse tests with commercial preparations of both 
salicylic aldelxyde and vanillin suggested gre^ater toleraiu'C of sugar¬ 
cane to these compounds than Schreimu’ and Skinner observed in 
several other crops. However, these differences may be attributable to 
differences in the nutrient solutions and technitiue em})loyed. Th(u*e- 
fore, a commercial preparation of salicylic aldehydes, selected for ease 
of handling, was tested in a series of more adecjuately replicated 
greenhouse experiments. 

First, it was necessary to ascertain what effect this compound would 
have on the root-rotting pythium alone. Some idea of this w\as gained 
by comparing growth of the fungus on agar containing different con- 
ceittrations of the chemical. Concentrations of 10, 25, and 50 p. p. in. 
were made up in melted and previously sterilized corn-meal agar in 
flasks, and a series of Petri dishes was poured with each, besides 
which there was an untreated series. On cooling, the dishes vrere 
inoculated at one side with a pure culture of PyiMum arrhenornanei^. 
Average rate of growth after 24 hours revealed no signific.ant differences 
between the control and the 10 and 25 p. p. ni. series; in the 50 p. p. m. 
no growth whatever had taken place, and subsequent examination 
showed that the fungus had been killed in all plates of this series. In 
the lower concentrations, therefore, salicylic aldehyde was without 
visible effect on the appearance and rate of grow'th of the })ythium in 
culture. 

Noxt, preliminary qualitative tests were conducted to determine the 
persistence of salicylic aldehyde in 3-gallon crocks of sand without 
plants but provided wdth drain tubes and receiving jars as in the 
experiments. Afqst of the liquid in the sand of two crocks was 
replaced by additions of nutrient containing 25 and 50 p. p. m., re¬ 
spectively, of the aldehyde. At daily intervals the solution was 
displaced into the receiving jars and aliquots were removed and tested 
against standards with ferric chloride. The contents of the receiving 
jars that contained the aldehyde were then poured back over the sand 
and similarly replaced and tested on succeeding days. 

Seventy-two hours after the original application there was no longer 
any visible reaction for aldehydes with ferric chloride in the case of the 
25 p. p. m. dosage, and only a faint change in color was noted in the 
loachings of the 50 p. p. m. application. The latter was similar to 
that of a 5 p. p. m. control, which concentration is about the minimum 
detectable by the naked eye with this indicator. Therefore, within 



jfin 1 ,1938 Influence oj Soil Constituents on Root Rot oj Sugarcane 59 

3 days most of the salicylic aldehyde applied to this sand was apiiar- 
ently absorbed or oxidized. 

EXPERIMENT 1 

In experiment 1 an ajjproximate concentration of 20 p. p. m. sali¬ 
cylic aldehyde in nutrient solution was tested in sand cultures of 
sugarcane in the presence and in the alisencc of the nioderatelv viru- 
leiit strain 58 of Pyihiutn arrhenomanes. (\)mparable control series 
with nutrient alone with and without the fungus served for comparison 
of separate and combined effects of treatment and pythiurn. 



Fir.utiE 2.—lufluoTico of salicylic ald<‘hy(lc on susi'optibilil y t>f supvrcano to root rot in sand-nutrient cultures: 
-1, Control, Ji, aldehyde alone, C, iiythium alone; D, combination of aldehyde and pythiurn. 


Thirty-three glazed crocks orS-gallon capacity were filled with new 
quartz sand, wetted wdth tapVater, autoeJayed for 2 hours at 15 
pounds^ steam pressure, cooled, and leached wdth 2 liters of distilled 
water each. The crocks w’^ore provided with a central drain hole in the 
bottom, but in this test neither drain tubes nor receiving jars were 
employed. On December 8, 1931, a uniform series of young plants of 
the moderately susceptible Co. 281 variety growing in 4-inch pots of 
similarly steamed sand were transplanted, one per crock, and given 1 
liter of distilled water. On December 10, inoculations wdth strain 58 
of Pythium arrhenomanes were made to the fungus series and similar 
but sterile media were added to the controls. On December 14, 1 
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litoi of nutiient solution containing 50 p p. in salicylic aldehyde w as 
added to the aldeliy^do series, and nutrient alone to the controls Tn- 
ceitain, and at the time inadeejuate, supplies of distilled water pro¬ 
hibited the addition of exactly 20 p p. in ot the aldehyde in a volume 
of nutiient sutricient to replace at one time all liquid (approximately 



FiQUKii. 3 —Cuiuparativo oxU'ot of sudscring (tillering) and condition of root systems of ropresentalivf 
plants m experiment 1. 1 a ft to right Control, aldehyde alom, pythium alom, and aldehyde plus 
pythium 

2.500 cc) retained against gravity by this sand. However, the 50 
p. p. m. salicylic aldehyde in 1,000 cc of nutrient actually applied is 
assumed to have diffused to some extent through tlio approximatfdy 

1.500 of liquid not displaced from the sand and was thereby diluted 
to about 20 p. p. m. of tottd Ihjuid. Tests indicated that some'diffusion 
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at least liad taken place soon after application, because the addition 
of another liter of nutrient or distilled water gave leachings with 
sufficient aldehyde for detection with ferric chloride. Furthermore, 
growth measurements of tlie plants showed that the fungus was 
active, whereas in the aforementioned test in agar cultures it had been 
killed in a concentration of 50 p. p. m. Nevertheless, it was unfortu¬ 
nate tJiat a more uniform initial concentration of the chemical could 
not be placed in contact with the root systems. 



Figuue 4 —Moan daily temperature of sand, and we<‘kly <'knigation of tops A 1), rofleoting dninaKo from 
root rot in the presence and in the ahwnco ol salicylic aldehyde in sand cultures. 

Tho experiment extended from December 10, 1931, to March 10, 
1932. Growth was normal in appearance and extent for this season 
of the year, witli gradual acceleration in rate of elongation as tempera¬ 
tures rose and the period of sunshine increased toward tho. end of the 
test. Hants receiving both the treatment and fungus (series D) 
often showed temporary wilting at midday, which indicated a de¬ 
ficiency of absorbing root area. Figure 2, from a photograph taken 
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nearly 3 weeks prior to the termination of the experiment, illustrates 
the smaller size in series D and the absence of noticeable differences 
between the remaining series. 

Striking damage from tlie combination of aldehyde and fungus was 
revealed on examination of the root systems, as is shown by the repre¬ 
sentative comparison in figure 3. Whereas the fungus alone caused 
extensive rootlet tip damage, in the presence of the aldehyde it rotted 
completely most of the finer roots and invaded and suppressed many 
of the larger ones. The greatly reduced absorbing root area that 
resulted was reflected in a. slow elongation of the primary shoot and an 
absence of normal suekering (tillering). 

Mean height and green weight of plants are presented in table 2 
and shown graphically in figure 4. There was no significant differencci 
between the controls and the aldehyde-treated plants in the absence 
of the fimgus. The fungus alone caused the usual significant reduction 
for greenhouse tests with this variety, but in the presence of tlie 
aldehyde the damage was more than twice as great, wliich suggests a 
predisposing effect of the aldehyde for root rot. 


Table 2. —Ejfcct of salicylic aldehyde on growth of sugarcane varifty Co, JSl and 
the severity of root rot caused by Pythium arrhenomanes in expei nnetU 1 
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-21.(5 
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» DifTerence between meuub required for odds of 19 . 1 = 2(5 7 jr., or 14.8 percent of control tA) seiie.s 


KXPKlilMCNT 2 

Experiment 1 was repeated with the following modifications as ex¬ 
periment 2: Weekly applications of 50 p. p. m. of salicylic aldehyde 
on the basis of 2 liters of nutrient D were made to sand cultures of 
Louisiana Purple, a very susceptible variety, and to C. P. 807, a 
variety highly resistant to root rot, both in the presence and in the 
absence of the mildly parasitic strain No. 730 of Fythmin arrheno- 
manes. Large galvanized cans, 14 inches in diameter by 24 inches 
high, coated inside wdth paraffin and holding 100 pounds of sand, were 
used in place of crocks. The cans were provided with drain outlets 
and receiving jars. Four plants were set in each can, and there were 
five cans per object, two with Louisiana Purple and three with C. P. 
807. 

The test plants were set in the cans on March 24 and inoculated 
March 25, and the first aldehyde application was made on March 28, 
1932. Five additional applications in 2 liters of nutrient were made 
at weekly intervals until May 10, when the plants were harvested. 
Weekly pH determinations on leachings gave values between pH 5.4 
and 6^2. Daily the receiving jars were poured over the sand and 
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sufficient distilled water was added to maintain a fairly uniform mois¬ 
ture content. This procedure ])rovided a 24-liour exposure of most 
of the roots to eacli full-strength (50 p. p. m.) aldehyde application 
once a week, which was followed by rapid diminution in concentration 
of the aldehyde until the next appIi(‘ation. 

All plants of both varieties made normal appearing growth and, 
except for the Louisiana. Purple that received the combination of 
aldehyde and pytliium, the plants tillered profusely. The average 
green weights ])er individual plant, shown in table *3, reveal for the 
susceptible Louisiana Purple variety a significantly predisposing 
effect from the aldehyde similar to that obtained in the preceding 
experiment (table 2 ). However, the root-rot-resistant C. P. 807 
variety shows no significant reduction from either the combination or 
the j)ythium alone. 


Table 3. -1 ?ifi uchcc of solirtjlic aldehyde on growth and fievcnly of root rot of 
saiirej)tihh and resistant varieties of sugarcane, experiment 2 


Varietj and treatmoni 


Difforencr due to - 


I of; 

j j»rinjar.\ 
j shoot s 


Alde¬ 

hyde 


Mean 
—I trreeri 
i , \v('iirht 

Pythiuni' of i-ops ' 


j Difference due to 


hy'le jl'yth.uni 


! ('enfh 

J/oijismna Purple (.susceptible to root rot) j mfln/f 


I ntrealeU controls ... ' 21 

Aldeh>d(‘alone, i) ]) m. - - I 
Pythiuni alone ... . | l(» 

Pythiuni plus 50 i» p m uhleliMh* -i H 

t' P S07 (resistant to i(»ot rot): I 

Untreated controls. .. .. ' 51 

Aldehyde alone, 50 p pm. ' 40 

Pythiuni alone. . .... ' 4 h 

Pythiuin plus 50 ji ji ni aldehyde . 40 


PiTcenl j Ptreent j 




- 22 


Urn m<t 
10 (» I 
IH 9 
141 7 
99 0 


1 

I*ercent I Percait 


-12 8 


•^14.7 

-31. 



-0 

0 


1H3 3 . ;. 

143 H ; -21.5 .. 

105 2 I . -0 9 

137 0 1.. -4 7 


‘ Means of indiMdu.il idaiits with suckers, diffen^nees reipiired for odds of 19.1 arc, for Louisian.a Pur¬ 
ple. 2S 7 j*. or 17 3 jiereent of controls, and for (\ P 807, .33 7 ir, or 18 4 iiercout of controls 


EXPERIMENT 3 

Since an adcfpiate sup[)ly of moisture was difficult to maintain in 
tJie upper portion of the deep cans einployt'd in the pn'ceding test, 
experiinenf. 1 was repeated to test further tlu' apparent predisposing 
effect of salicylic aldehjule on susceptibility to root rot. Six crocks 
wdth two plants each used for cojujiaring two concentrations of 

the aldehyde in the presence and in the absence of the fungus. The 
variety Co. 281 and the same strain {No, 58) of the fungus were again 
employed, but drain tidies and receiving jars wTre used to maintain 
a more uniform concentration of nutrient solution throughout the 
sand. Nutrient solution D was applied 2 liters per crock every other 
week, whi(*h provided ample nutrition for the phints. 

Salicylic aldehyde was added to the 2 liters of nutrient solution at 
each biweekly partial renewal to make initial concentrations of 40 
and 80 p. p. rn., respectively^. These were subsequently reduced by 
diffusion and some percolation into the recemng jars. Daily the 
contents of the jars were poured over the sand after being brought up 
to capacity with distilled water. Since they also held approximately 
2 liters, the rosidt was substantially an alternate day exposure of the 
roots to the aldehyde until it became oxidized or adsorbed by the 
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sand, i. e., after 4 to 6 days. Applications of nutrient and aldehyde 
were made on September 12, 4 days after planting, and repeated 
September 26, October 10 and 24, November 7 and 21, and December 



Figtjhk 6—Average weekly t^raperature of sand, pH of Icachings, and growth curvesyl-F of plants grown 
in two concentrations of salicylic aldehyde in the presence and in the absence of the root-rotting 
fungus Pythium arrhenoviants, 

5, 1934, making a total of seven partial renewals. Inoculations were 
made on September 14, and the test plants were harvested on Decem¬ 
ber 28, 1934. The results are presented in table 4 and figure 5. 
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Table 4. —KJfaet of hiwcMy applirniions of snlicyUr aldehyde on growth and 
severity of root rot of the moderately susceptible saga)cane variety Co. 281^ experi- 
merd 3 


Srries 


'J'mitinont (<5 r(*plicutk»ris) 


Mean 

total 

luMght 

ppr 

crock 


DiPcicncc due | 
to ' I 

I 


I Aldo- 

I h>de 


Fythiinnl 


M can 
groon 
eight 
of 

tops * 


Reduction duo 
to- 


Aldc- 

hydi' 


IPythiuiri 


V ... None (controls). _ . .. 

H_ \ldch>dc alone, 40 I) p ni_ 

(’ ... 1*.\thiuni alone. 

1)-. __ I*.\thiuni plus 40 p p ni. aldehyde.. 

E.I Aldehyde alone, HO p in ... . 

F I Pythium plus HO p. ]). in aldehide 


I 


C V uli- 

1 


nutirn 

1 P( Trent | /‘ertent 

(htiimt 

1% 

1 ! . 

.188 4 

1% 

■1 0 ' 

.104 4 

177 

! — 1 

.I.IO 0 

128 

i. -3.1: 

3K9 2 

107 

i i ’ 

1 323 2 

03 

- i 

; 204 0 


Percent J*ercent 



.1 31 i! 

4.1 4 i . 

-J 30 7 


‘ l>l^Terenee^ between ine.ins reuuired for odtls of 10 . 1 —83 0 g, and for 0‘J 1-113 S g 


Tho ro'8iilts of this experiment confirm tliose of e.xperiniont 1 (tiiblo 
2) in t](‘monstriitin^ a si<2:nificantly a«^e:ravatin«: effect of salicylic 
tildeliyde on root rot. Whereas alone neither th(^ Iossct concentration 
of the a.Ide!ivd(‘ nor the fungus caused appreciable damag:e, when the 
two were combimHl the ])lants were severely stunted. Tlie growth 
curves in figure o suggest that tlie pythium was also more active 
at higher temperatures in the presence of the aldeyhde than in its 
abs(*nce. Wh(‘n the aldehyde was alisent there was jironounct'd 
retardation of growth at temperatures below that re((uired for vigor¬ 
ous cane growth (about 20° (J.). 

Applications of SO p. p, nx. of the aldehyde caused severe growth 
retardation without the aid of the fungus. Preliminary tests had 
shown t hat weekly dosages of 100 ]>. p. m. would cause severe waiting 
and (‘vimtual death of tlie ])lants, })ut the less freciuent applications 
of SO p. ]). m. in this test resulted in no such abnormal external 
sym])toms in the absence of the fungus. The roots wrere merely 
(hdicieut in ]em»:th and extent of brandling and to all outward appea.r- 
aiices were not dilferont from untreated i)la,nts of the same size but 
mudi younger age. The ])ythinin, no doubt, was also affected by the 
strong conccntratioii of aldehyde, altlioiigh with (he gradual weakening 
or disappearance of the latter during the long intervals between suc- 
c(\ssive applications, it was apparently still able to cause about seven 
times as imicli growth reduction as it had in the absence of aldehyde. 

DISCUSSION 

The significant increa.se in severity of root rot of sugarcane in the 
presence of salicylic aldehyde in these expeiinuMits is inierpretetl as 
the result of a. conditioning or predisposing effect of the chemical on 
the roots which enabled the fungus to cause greater damage. The 
possibility that it might be due to a stimulating or nutritional effect 
on the fungus would appear to be excluded by the noga.ti\e results 
from tests of the fungus in piii’e culture. 

The results of these experiments suggest the desirability of soil 
investigations to explain certain anomalies connected with the occur¬ 
rence of the disease in the field. Should this or similarly behaving 
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compounds be found in the root rot soils, possible corrective measures, 
such as improved drainage, special fertilization, and soil amendments, 
could be more intelligently instituted. The effect of increasing bio¬ 
logical activity, impraving aeration, moisture control, and possibly 
chemical conditions of such soils, on root health as well as on possible 
formation and accumulation of injurious or root rot-accentuaiing 
substances should bo determined. The results of experiments In* 
Robbins and Massev iS) suggested that the aldehyde vanillin is 
destroyed in the soil l)y certain mi(u*o-organisms, and vSkinner arul 
Noll {12) sliowed that the injurious effect on plants from its persistenc(‘ 
in an unproductive, acid soil could be overcome by the addition of 
lime or of lime and phosphate. Ik^ssible insufficierH'y of these matc*- 
rials is not believed to have been a factor in the tests with salicylic 
aldehyde reported in this paper, because of the excellent growth of 
treated, unmoculated plants. Each 2-liter weekly or biw('ekly 
addition of nutrient solution I) provided the equivalent of 25.9 pounds 
of calcium oxide and 29.3 })Ounds of phosphorus pentoxidc per acre 

The cultivation of vigorous, root-rot-resisting varieties of sugar¬ 
cane, such as Co. 290, (k P. 28/U, and C. ]^. 29/1 Ki, on the poorly 
drained, heavy clay soils of the Louisiana sugar district has assured, 
for the present at least, economical utilization of such areas. How¬ 
ever, the question naturally arises: Should vaiietios alone without 
accompanying soil improvement l)e de])ended upon as a i)ermanent or 
even as the most economical solution of production problems on sucti 
soil^? A tentative answer is found in the renewed efforts of many 
growers to improve drainage by deepening field ditches and outlet 
canals and also to prevent caking, and at the same time to raise tlie 
general level of fertility by plowing under legumes and cane trash 
and occasionally by applications of factory filter-press cake and barii- 
yard manure. Under such treatment the root-rot-resistant varieties 
have shown a marked response, and in a few^ instance's the improve¬ 
ment has been so great that excellent yields of the rather susceptible 
Co. 281 have been obtained. 

SUMMARY 

During an investigation of host-conditioning factors that influence 
the severity of root rot caused by Pythium arrhemmanes^ in the poorly 
drained, heavy clay soils of the Louisiana sugar district, the possible 
predisposing effect of deleterious substances, which might arise during 
temporary water-logging, was determined. Hydrogen suljffiide and 
salicylic aldehyde were selected as examples and tested in greeni»ous(^ 
inoculation experiments with sugarcane growing in saiid-nutrient 
cultures. 

Hydrogen sulpliide alone at concentrations of 10 and 50 p. p. m. 
in nutrient solution reduced the growth of tops approximately 21 and 
26 percent, respectively; the pythium alone, 31 percent, and in 
combination with the sulphide, 30 and 36 percent, which latter 
percentages arc not sufficiently different to indicate any special 
influence of the sulphide on disease intensity. 

Salicylic aldehyde significantly increased susceptibility to root rot. 
Concentrations of 20 to 40 p. p. m., which had little if any influence 
on cane growth in the absence of the fungus and showed no effect on 
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the fungus in culture, apparently so predisposed the roots to infection 
that when the fungus was present the reduction in weight of plants 
was from two to seven times greater than from the fungus alone. 

The presen(*c of this or similarly l)ehaving compounds in the poorly 
drained, heavy clay soils of the Louisiana sugar district would account 
at least ])artly for the frequently severe root rot noted in all but the 
most resistant varieties. Improving the drainage and the general 
level of fertility in such areas has in nmuerous instances markedly 
iiU‘reas(‘d yi(dds of even the resistant varieti(‘.s. 
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THE VITAMIN A VALUE OF BLUE GRAMA RANGE GRASS 
AT DIFFERENT STAGES OF GROWTH ‘ 

By M^ugaket Cammaok Smith, nutrition chemist, Department of Nvtrition, and 

E. B. Stanley, head, Department of Animat Husbandry, Arizona Agricultural 

F. rperi merit Station 

INTRODUCTION 

Livestock in the rniige area of Ari/oiui, dej)ci](ling* as they ilo almost 
('\clusively upon native vegetation for tlieir feed supply, are obviously 
subjected to conditions which make for a videl.v variable supply 
ol' the several feed essentials. Although Woods and her coworkers- 
have reported many range forages to be excellent sources of vitamin A, 
Hart and Cluilbert. found that vitamin A deficiency occurred in 
range cattle under natural conditions, the deficiency developing when 
lh(‘ dry feed was unusually prolonged 

In Arizona the grama grasses are the most widely distributed and 
the most valuable of the pi'rennial grasses used for grazing purposes. 
Blue grama {Bovieloria gracilis) is jirobably the most abundant of 
fhese grasses between the elevations of 4,()0() and 8,000 feet and is 
jLarticularly iirevalent on the grassland ranges. It giwvs to a lieight 
of from 10 to 20 inches and develops a good growth of fine basal 
leaves which remain partly green during the winter months, the 
extent of greenness depending upon the moisture availa))lc. The 
annual grow^th of this important range forage is initiated by tlie summer 
rains in lat(* July. The plant grows rapidly, matures (juickly, and 
by tlie middle of October begins to dry uj). Except for some greening 
of the basal leaves in the early spring it shows no further growth 
until the following summer rains During the dormant stage, *tho 
rcfnaining old-gi’owth jiart of the jdant is dry and comparatively 
unpalata ble. 

As blue grama grass constitutes one of the princifial sources of 
vitamin A for range cattle in certain sections of Arizona, the authors 
liave sought to ascertain the vitamin A jiotency of this nutrient for 
range cattle at different stages of its grow th. 

EXPERIMENTAL PROCEDURE 

TIk'. samples of blue grama used in this study were collected from 
a grassland type of range in southern Arizona, in the vicinity of 
Sonoita at an elevation of 4,{)0() feet. Three sets of samples were 
taken at different stages in the growth of the plant. The first collec¬ 
tion was made the first week in August 193(>, about 2 w^eeks after 
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new growth had started; the second was made on Septeinber 20 when 
the grass w^as in tlie mature stage, and the third 2 months later, in 
November, when the plants were dormant and had undergone con¬ 
siderable weathering. 

The samples were obtained by clipping the plant about indies 
above the ground. Only plants that had not been jireviously dip])ed 
or grazecJ were collected. The grass was placed iii muslin bags and 
sent to the nutrition laboratory at the ITiiversity of Ari/()na to 
be tested for vitamin A. As soon as it was received tlicre it W’as 
dried rapidly by forced ventilation, ground, and all not needed 
for immediate use was transferred to covered glass jars, and kept 
in a refrigerator to minimize loss in vitamin content during stor¬ 
age. Tests wore begun at once with albino rats wliicdi liad 
been depleted of their vitamin A reserves. The method of 
Sherman and Munsell as modified by Sherman and Burtis ^ was 
used. It consisted in feeding the grass as the sole source of vitamin 
A in an otherwise adequate diet to rats whose vitamin A resery»s 
had been exhausted by subsistence u])on the same vilaniin-A-free 
ration, and using tlic growth resi)onso as a measure of the concentra¬ 
tion of vitamin A in the grass. 


Table Simwarize<1 resvlts of fading range blue qravin sampled in i 

consecutive months^ to albino rats as the sole source of vitamin A, lihiO 


IMonth of samplmu 


August 




NoMMuhei 


\ mould of 
Him* Krania 

Kals 

listed 

Igo 

food (‘oil 

A^(‘^lRe i 
Rain t>r iobs 

1,1 hod\ 

\ MI m<» 
‘‘UlMMll 

grass in 
ration 

in lost 

sun i*(l pel 
dav 

eight per 
week ' 

HI t( St 

period 

Percent 

! JNumhf} 

(ti (I m s 

(tnini'i 

If Its 

0 00 

1 


0) 

V2 

02') , 


5 6 

CO 

43 

Of) 

10 

S 1 

0 5 


10 

10 

1 1 I 

1J *1 


50 

10 

i 0 2 

IK 0 


1 on 

7 

12 3 

23 0 


.(Ml 

! 

1 

(0 


05 

S 

’ 1 1 

CO 

>") 

I 10 

s , 

V 1 

5 0 


1 20 

i 

11 1 1 

1 10 7 



00 ' 

5 

1 CK) 

10 

2 50 

-• s 

5 00 

12 

30 00 

12 


s i 
s s 
0 

33 2 


C) 

(0 

2 0 
13 3 


28 

41 


* T.OSS 

* Thiee died on fo^t^ -fifth da^. 


In prcliminaiy experiments weighed portions of the dry grass were 
fed separately. Although the rats readily ate small portions of the 
young green dry grass cut in August, they found the Novomher grass 
less palatable and refused large portions of it. For this reason the 
grass was incorporated in the base ration at a definite percentage level 
in place of an equivalent percentage of cornstarch. The grass had 
to bo ground vep^ fine to make its separation from the other ingi-e- 
dients of the ration impossible, for there was a marked tendency on 
the part of the rats to separate out and leave the tougher grass. 
During the 8-week test period, the rats w’ere housed in individual 
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round metal cages with raised screen bottoms. They were allowed 
to eiit ad lilntum of the experimental diet (vitarnin-A-free in which 
the grass was incorporated at various percentage levels), and tap 
water was before them at all times. Careful records of the food con¬ 
sumption and weight of each rat and observations on its general 
health were made weekly. Autopsies were made on all rats at death 
or tennination of expeiiment, and all infected lesions and other signs 
of an inadecpiate intake of vitamin A wen^, noted. 

EXPERIMENTAL DATA 

The results of the experiments, s‘immarized in table 1, show that 
blue grama grass in its early-growth stage is an excellent source of 
vitamin A. Inclusion of as little as 0.05 ])ercent of the dried grass 
(a})proximate‘ly 0.004 g daily as computed from food-consumption 
](H‘ords) as the only source of vitamin A in a basal vitamin-A-free 
ration stimulated a rate of growth of approximately 6.5 g per week 
in the rats subsisting on this diet. 

When the same grass cut a month later was tested for its vitamin 
A content twice' as much was reepiired to produce at)proximately the 
sanve rate of gain. The grass was bright green in color, but the blades 
w('ro tougher and thicker. Blue grama griiss at this stage can still 
b(^ (‘OTisidered a rich source of vitamin A, (‘omparing favorably with 
th('< leav(‘s of highest grade alfalfa. By November, however, the 
blue grama grass luid lost, along with its green color, much of its 
vitamin A. \\ hen the November grass was fed as the only source 
of vitamin A, 5 percent was required to indu(‘e an average rafo of 
gain oi 6.5 g weekly in the test animals, or 100 times the amount 
recpiired of the young, tender August grass. Thus a striking deterio¬ 
ration is shown in tlie nutritive value of the grass in a rather short 
()eriod of tinu'. 

From th(' foregoing results it ap])ears that blue grama grass is 
extremely rich in vitamin A at certain stages of its growth, l>ut for 
th(' gix'ater i)art of the year it is relatively dollcient in this vitamin. 
It would seem that range cattle, feeding upon the new growih, would 
be am])ly provided with vitamin A, and in fact have access to an 
amount sufficient to establish a reserve supply. They W'ouhl, ,how- 
ever, be dependent upon tJiis reserve for the greater part of the year 
because of the striking early decrease in the vitamin A (*ontent of 
their food supply. 

SUMMARY 

Blue grama, range grass at different stages of growth has been 
tested for vitamin A value by the rat-growTli method. W^ien cut 
in Au^ist, only 0.05 percent of the dry grass in a vitamin-A-free 
ration induced a gain of 6.5 g per woek in tlio rats, thus showing the 
grass to be an extremely potent source of vitamin A at this stage of 
its development. Approximately twice as much of the grass cut in 
September and 100 times as much exit in November w as necessary to 
produce the same rate of gain. 




ADAPTATION AND USE OF AUTOMATICALLY OPERATED 
SAND-CULTURE EQUIPMENT' 

H. D. CiivPMAN, fiffffifflant chemist^ and (Jeoiusk F. Liebk;, Ju, associate 
in the experiment station, (California Agricultural Kcpenment Station 

INTRODUCTION 

For llio control ()i’ mitrionl solution concentriition in sand rulturcs, 
tlio antornatic poriodio flushing system described by Eaton “ possessc^s 
many advantagvs over the various (bip-cnlture methods. The 
(‘ssential eoinponeTits of a tyn^^' unit, as deseribed by Fla ton, consist 
of: (1) lar^e I’CvServoir lor the storage of the culture solution. 
(2) the sand culture, and (d) a. motor-diiven pump controlled by a 
tinu' clock. In operation, the sand cidtures arc })eriodically lluslie<! 
^vilh the nutri(‘nt solution contained in the reservoiis, the excess 
solution from the cultures draininij: by jj:ra\ity back into the reservoir. 
The capatdty ol‘ the reservoir beinj*; lar^e as com])ared with that of 
the sand cultures, conccntj'ations may b(' maintained within closely 
})rescril)ed limits by th(‘ addition of water and salts as needed and 
by (X’casional renew^al. 

For tin* motor-pump unit utilized by Eaton, the authors have sub¬ 
stituted a simple glass <*jector-type air lift operated by compressed air. 
By means of n clock-controlled magmdic valve inserted in the air line, 
th(' pumps are aulmnatically started and sto])ped. With an ap])ro- 
])riat(‘ (‘ompressor and storage taid\, any number of units can he 
()])orated simultaneously This simple ajid inex])ensivc inoditicatioji 
is ])arlicularly ada])ted, though not necessarily limited, to greenhouse 
installations, where s[)ace is usually restricted. The present paper 
giAcs a brief description of an indoor (2-gallon sand culture) and an 
outdoor (2r)-gallon sand culture) set-up, and records certain experiences 
gaimal and r('su!ts seciircal during the course of more than a year's work. 

DESCRIPTION 

The general IVatun's of tlie outdoor and indoor eijuipnn'nt are shown 
in ligure I, and further details of construction are given in figure, 2. 

AIR LIFT 

The glass air lift is composed of three parts: An air inlet tube (^/), 
the ejector tube (/>), and a distributor (c), the last named biung made 
from a. riOO-ml wide-mouthed bottle with the bottom cut off. In 
operation, air under pressure entering the ofien glass tube of the ejector 
member at point d lifts the solution into the distributor wdiere it flows 
by gravity through glass dLstributor tubes to the sand cultures. 
Kj('ctor tulies with an inside diameter of 0.5 inch have proved satis¬ 
factory for both the small and large units. The compressed-air tube 

' Hocoiveri for pnbliratiou July f», HU7; Ls.su<*d March 1038 Parlor no. 373, I’nivorsity of Califomi.a 
Citrus Exporirnont Station and Orndunto School of Tropic.al ApncuHurc, Rivorsidc, Calif 
- F'.atun, F. M AUTOiMATrcALiA oPKUATKDaANn-ciLTUiii!, Eqrii'MKST. .Tour. Apfr. Kcsciucli .'i3 433-14i, 
illut? 11)30, 

Journal of Agricultural Research, Vol. 5(i, Ko. I 

Washington, D. (\ Jan. I, 193S 
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KiotkE I.-Portlon of outdoor (A) and Indoor («) automatic circiUating sand-cmlturo Installation.. 
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should discharge at a distance of about 2)i inches above the open end 
of the ejector tube. 

The air pressure required to lift nutrient solution by this method is 
low, being just slightly in excess of that equivalent to the submergence 



depth of the ejector tube. The efficiency of pumping depends ujiGn 
the proportion of the total length of the ejector tube that is submerged. 
It is obvious that a reservoir cannot be pumped dry by this method. 
For best results, the submergence depth sliould be 50 percent or greater. 
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The rate of puiiiping can be regulated to some extent by the rate of 
air flow, iiiid an air valve is required for each unit. (Needle valves are 
advantageous, but ordinary laboratory air cocks will suffice.) Losses 
of culture solution from the distributor (c) caused by the slight spout¬ 
ing nature of the discharge can be prevented by phicing a free-moving 
<*ork of large diameter in this vessel. 

The rate of pumping should be rapid enough to saturate the sand 
quickly and to establish free solution above the surface, thus assuring 
uniform displacement of the solution held by the sand. Overflows 
must be provided, as it is difficult to adjust the ra.te of pumf)ing to 
the rate of percolation through the sand since the latter rate (‘hanges 
somewhat with tcmpcraturt' and stage of plant growth. By trials 
from time to time, the length of pumping time required to completely 
replace the old solution held by the sand can be determined. With tlu^ 
particular equipment here described, a 5-minute period for tlu^ 2-galIon 
cultures and a lO-minute period for the ‘io-gallon cultures is amj)I(‘. 

The volume of air used in relation to the v^olume of solution ])umj)ed 
and the percentage of ejector submergence for the two type's of sand 
cultures is shown in table 1. At r)0-percont submergence a givem 
volume of air will lift a little less than half as much solution. The 
compressor capacity reciuired for any number of units of size com[)a]*a- 
ble to those herein described can be cahndated from these (h‘ita. If 
it is desired to operate a. large number of units, tli(\v can b(' divided into 
groups, each group being operated in rotation by a st‘[)a,rate time 
sw'itch and magnetic, valve. In this w^ay the size of comi)ressor 
required may be substantially reduced. 


Table \ .— Voliunc of air used as related to the amonuts of solution funn/ud and 
percentage of ejectlon-luie suhniergejice 


M’ype of .snrui oulturo 


2-galI(m pof _ . 
L'')-jjulloii can. 


j Hoinht 
solution 
j 1)11 raped 

Suhiner- j 
pen<*c of 
ejocloi 1 
lulic 1 

„ __l 

rujupinu; 
interval 1 

! 

Volume ol 
nir used 

Volume of 

1 Milutioa 

I pumped 

Jnche.s | 

1 

JUrirnt 

Mirinten i 

1 

i 

20 

sr, , 

‘ 

20 K 

10 rir. 

:ifi 1 

1 

10 

or» 0 

JS 00 


‘ Mca‘5Ure<i with capillary tube fl )W inotcr 

TIMK SWITCH ANI> MAGNETIC VALVES 

A simple telecron-motored time switch (G. E. type T-27), j)re- 
viously described by Eaton,^ has been found satisfactory. Ofi*-and-on 
riders suitably spaced on a revolving dial make it possible to adjust the 
time interval between operations to as little as 1 hour and 45 miuuh^s. 
The actual period can be adjusted from an instant up to about 
15 minutes with the 'V)n'' riders set at 1 hour and 45 minutes apart. 

General controls type K-IO and K-20 magnetic solenoid valves 
have been in continuous use for over a year and no trouble has l)een 
experienced in operating them under air pressures varying from 5 to 
30 pounds. 

KESERVOIKS 

The authors have found that glazed sewer pipes serve especially 
well as reservoirs. Clioice of sizes, durability, low cost, and deptli, 

^ Eaton, 'Sec footnote 2 
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the last named lending itself to efficient pumping by the air lifts, are 
some of the more important advantages of sewer pipes. For th(^ 
indoor equipment, sewer pipes with glazed stoppers sealed into tlie 
small end were especially made by the manufacturer. In the outdoor 
equipment, suitable stoppers were sealed into tlie bell end of the sewer 
pil)e by moans of asphaltum ^ prepared for this purpose. Glazed 
sower pipes are not entirely impervious, owing to imperfections in 
the glaze; hence the inside surface should be coated with hot asphaltum 
or a nontoxic as])halt paint. 

S])ecially made concrete lids 1 inch thick served both as covers for 
the reservoirs and as supports for the sand cultures. These lids 
were reinforced with chicken wire and were provided with holes 
spaced to accommodate the airlift, drainage, and ov^erflow tubes. 
Pieces of one-eighth inch galvanized-iron pipe screwed into cou])lings 
(unbedded in the cement, and provided with ring-stand clamps, afford 
a convenient means of support for the airlift. 

DRAINS AND OVERFLOWS 

With earlh(‘nware clocks having a side opening neai* the bottom, 
a, glass T tube with an extended arm fitted through a tightly fixed 
jMibber stopper, as shown in figure 2 , provides for both drainage and 
ov(*rflow. A ])ad of glass wool over which is jdaced a cover glass to 
])r('V('nt excessive packing ptu'inits free drainage without loss of sand. 
With the 2 r)-gallou garbage cans a short piece of thn'e-eighths inch 
galvanized pipe soldered into a hole drilled in the bottom of the 
can and covered with several layers of graded quartz gravel has 
provided adequately for drainage. The overflows for these con¬ 
tainers are shown in figure 1 . 

EXPERIMENTAL DATA 

IKON SUPPLY 

In work with sweet orange {Citrus sinensis (L.) (^sbeck) seedlings 
and tomatoes, (L)/a)pe)‘sicuni esculentuin. Mill.), the autliors have 
found, in conformity with the experience of Eaton,® that finely divided 
magnetite incorporated with the cpiartz sand serves as an excellent 
source of iron when used with slightly acid culture solutions of low^ 
phos])hate content. On the basis of the authors’ experience, it 
appears likidy that by using a sufficient quantity, this source of iron 
can be utilized under a mucli wider range of ex])erimontal (;onditions. 
With 0.1 jicrcent of magnetite in sand containing 2.5 peri^ent of 
calcium carbonatiL cultures of swrect orange seedlings after a time 
began to disjday typical iron-deficiency chlorosis. However, when 
an adilitional 0*4 percent of magnetite was incorporated with the 
sand (the chlorotic plants liaving been temporarily removed), the 
yellowed leaves began to green up in about 10 days and healthy new^ 
shoots siibsecpiently emerged. Control cultures recei^dng nutrient 
solution from the same reservoir but not receiving the additional 
magnetite remained chlorotic. Again, sweet orange seedlings growui 
in sand cultures containing 0.1 percent of magnetite and supplied 
with nutrient solution of pll 6.3 and a content of PO 4 maintained at 

< (} K compound sold by the Atlas Mineral Products Corporation, Mortztown, Pa. 

* Katon, F, M. See footnote 2. 
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4 parts per iriillion have shown no syniptoms of iron deficiency. 
However, when the phosphate concentration was raised to 10 parts 
j)er million PO4, some of the jdants became chlorotic. By simply 
increasing the a(‘idity from pH 0.3 to 5.0, the chlorosis disappeared. 
No doubt, as in the case with the calcium carbonate, an increase in 
the amount of magnetite would have accomplished the same result. 

The authors have found tliat magnetite fixes phosphate. The afore¬ 
mentioned observations relative to the influence of the concentration 
of hydrogen ions and of phosphate on the availability of the iron of 
magnetite is no doubt in part related to phosphate fixation, as well as 
to the influence of acidity on iron solubility. However, iron avail¬ 
ability within tlie plant is apparently also influenced by acality and 
phosphate variations in the nutrient medium.® Since the iron is not 
j’cndered completely unavailable by virtue of its capacity to fix ])hos- 
phate, it seems certain that the fixed phosphate iiiust bo partly avail¬ 
able. The use of magnetite is therefore inadvisable in experiments 
where the influence of the phosphate level is to be studied. Although 
subject to this limitation, it appears likely that by utilizing a sufficient 
quantity of magnetite, this method of sui)plying iron can be satis¬ 
factorily employed under a wide range of ex])eriinental conditions. 
Owing to the variable feeding power and requirements of plants for 
iron, on the one hand, and the influence of varying nutritive conditions 
on iron availability, both within and without the plant, on the other, 
it is advisable to determine by preliminary experiment how much 
magnetite to incorporate with the sand. 

( 

FREQUENCY OF FLUSHING SAND (UTLTUHES 

Obviously no given routine can be followed in all cases with regard 
to the frequency w ith which cultures must be flushed to assure nutrient 
control in the root zone. The kind of plant, stage of grow th, tempera¬ 
ture, light, and humidity, and the moisture-holding capacity of the 
sand, all enter into this question. In experiments whore small sweet 
orange seedlings were grown in solutions of maintained but very low 
nitrate levels (0.7 parts per million N as NO®), throe flushings a day 
{8 a. m., 1 j). rn., and 5 p. m.) proved inadequate. When hourly 
flushings during the daylight hours were adopted, the nitrate-defi¬ 
ciency symptoms exhibited under the throe-times-a-day routine dis- 
appearecl, the plants becoming green and resuming grow^th. At low' 
nitrate levels, this ion is apparently absorbed relatively more rapidly 
than water, and a dilution of the solution film is thereby caused in the 
immediate vicinity of the absorbing surface. Apparently diffusion 
of nitrate into this zone from points removed is not rapid enough to 
compensate for the absorption withdrawal. Inasmuch as this 
observation w-as »made at a time when the citrus plants were small 
(4 to 5 incdies high) and with a plant which grows and absorbs rather 
slowly, it is apparent that frequent circulation is necessary to maintain 
the concentration of ions present in great dilution. 

Although citrus seedlings are fairly sensitive as regards oxygen 
requirements in the root medium, the authors have experienced no 
difficulty with root rotting in cultures flushed at hourly intervals 

« Olsen» O. ikon absorption and chlorosis in green plants. Compt. Rend. Lab. Carlsberg. Bor. 
Chun. 21 (3); l-62,iUus. 1935. 

Wadlei^^ C. H., Robbins, W. R., and Beckenbach, J. R. the relation between the chemical 
natd^ ofthb substrate and the degree of chlorosis in corn. Soil Sci. 43. 153“175, Ulus. 1937. 




FiQtittE 4.--Comparative growth of sweet orango seedlings In (-^1) a well-fertilized loam soil, and in {B) a 
sand culture supplied with a favorable culture solution. I*lants in both soil and sand were deep green 
and healthy, but the growth rate in soil was much slower. 
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during the 24-hour period, this routine having been followeci for 
months at a time. Obviously, as the excess solution drains from the 
sand, air takes its place, thus providing effective aeration. The 
air-lift method of pumping also tends to keep the solution well aerated. 

Although compressed air contains traces of oil picked up from the 
compressor, no evidences of injury to the plants have been noted. 

TYPE OF RESULTS SEC’.UREI) 

Both citrus seecilings and tomato ])Iants have made excellent 
growth in cultures flushed at hourly intervals during the daylight 
period. Figure 8 shows some results with tomatoes grown in solu¬ 
tions of various nitrate levels. 

The comparative growth of sweet orange sec'dlings during a 8- 
month period in a well-fertilized loam soil and in a sand (‘ulture 
flushed at hourly intervals during daylight is showui in figure 4. The 
plants in both the soil and sand were green and healthy, but the 
growth rate in the soil was much slower than that in tlie sand. 

I 

SUMMARY 

l^etails of two automatically operated sand-(‘ulture instalhitiojis 
are presented. Tlie nutrient solution is (‘ircnilated by nicans of 
(Hinipressed air-operated ejector-type pumps. A clock-controll(*d 
magnetic valve in the air line provides for periodic a.nd automatic 
pumping. This system has given satisfactory service over long 
periods wdth little attention oilier than that recjuired for the ma.in- 
tenance of nutrient-solution concentration. Various^ experience's 
relative to iron supply and frequency of flushing are givt'n, together 
wdth examples of the excellent results capable of being sec'ured with 
this type of equipment. 
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GROWTH PREDICTION AND SITE DETERMINATION IN 
UNEVEN-AGED TIMBER STANDS ' 

By WiDiHAM A. Dukur, jnnwr forealcr^ tiiid S. R. Gevorki\ntz, ftilviculturusty 

Lake States Forest Experiment Station, Forest Service, (United States Department 

of Agriculture 

INTRODUCTION 

The imMiietioii of p*o\vtli in stands of iineven-a^ed timber has 
always lieen a diflieult ])roblem in forest measurement. Tlie normal- 
yield tables that have*, been developed lor Tiearly every eommereial 
s])e(‘ies oeenrrin^ in even-aged stands have not been adaptable to 
uneven-aged tijnlxu* because of too wide variation in the ages of 
individual tree's. For the sajiu' j-eason the evaluation of site' in such 
stanels is aj)t to be unreliable. 

For seune time gre)wth-j)redietie>n methexls in use have' been baseel 
u])e>n the' measurement ed* j>ast eliameter growtli as revealexl by annual 
rings and the assumption that this greiwth will be euxitinued at the 
same rate' in the future.* These methexls are suited emly to short- 
te'nn preelictionsj and luive* the furthen' elisadvantage that they require 
an ineh'ixmelent e'stimate of mortality, whie'Ii is inevitably subject to 
eonsidemable* eiTe)r. 

jVrmatxnit sample ])lots now being e'.staV)lished in increasing num¬ 
bers in all-ageei stands will in time yield accurate infemmatiem \m 
growth. Meanwhile* there* is a. pressing need for a rediable jnethoel 
e)f gre)wth ])re'dictie>n applicable to the millions of acre's of uneven- 
ageel fore'-sts now in e*.\ist(*nce. The northe'rn-harelw’oe)el type (sugar 
maple, yellow birch, hemlock, anel assoe'ialed spex'ie's) is an impe')rtant 
example of tlie*se fenests, and will be useel as an illustratiein in the method 
of growth ])rediction and site dete'rinination jire'senteel in this papeu*. 

NATURE OF l^NEVKN-AGED TIMBER 

I^ndisturbeel une\en-aged timber in the Lake States re^gieni appears 
te) Ix', conipeiseel of an assembly of stanels anel groups of trees e^cli 
more e)r le^ss even-aged. These groups often e'emtain a few' scattemeel 
indiviehials ce)nsiderably oleh'r than the rest—remnants of a former 
stand. Beneath the main body of the stand, in the e'.ase of larger 
timber, may be an unelerstory of new’e*-ome*rs, all consielerably younger 
than the rest. Within each even-aged grouj), how'ever, the members 
<)f the former stand and the younger individuals account for relatively 
little of the basal area; the majority of trees have evidently originated 
in a body during the eoursc of a few' yeuTs. 

For exajnph', on the a verage fiftli-acre plot examined in w'ell-st,ocked 
stands of mixed hemlock and yellow’^ birch saw' limber, the basal area 
of all trees 1 inch or larger in diameter breast high (d. b. h.V^ w as found 
to be 3S. square feet. Of this, 1 square foot is attributable to the 

’ Roofived for viubllcatioo Ttily 2:1, 1«:I7. is.‘tuod March. 

* CllArMAN, H II., and JlEMERlTT, 1) n. El EMENTS OF FOREST MENSL HATION. 452 pp , lllUS Albany 
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stand of younger individuals and 5 scjuare foot to the former stand, 
wliile 84 percent of the. total is contributed the main body of the 
stand. The trees in this main group rang(^ from (> to 1() incJies d. b. h. 
and from KUj to 182 years. The younger individuals fall entirely in 
tl»c 2- and 4-ineh diameter (‘hisses and are all h'ss than 100 years old. 
Tlie memb(‘rs of the formin' stand fall in the lO-ineh d. 1). h. and larger 
class(»s and are all older than 200 years. The same tyi)e of grouping, 
occasionally not so pronounced, was found in (nery stand of northern 
hardwoods examined for this study. 

This division of stands into three age groups is a basi(‘ assumption 
in this method of growth prediction. That it is valid is iiuUcat('d by 
several facts: The ages of trees in the younger group almost invariably 
are arranged about one or two means quite distinct from the average 
age of the main stand, indi(‘ating tliat these trees have originated in 



groups during ])eriods of a few years, and that these events were 
definitely subsequent to the establishment of the juain stand; the 
same distinct grouping is found in the members of tl)e former stand. 
The ages of trees on the average iifth-acre plot, if arranged numerieallv, 
appear not to form a continuous series, but to be broken up into 
groups separated by considerable gaps; furthermore there is almost 
invariably one group that is decidedly predominant. This condition is 
illustrated in figure 1, wdiich shoves the distribution of ages of 1()7 
sample trees taken on 55 fifth-acre plots in north(»rn-hardwoo(1 stands 
of (^ordwood size (in wliich 4-, G-, and 84nch trees predominate) 
Finally, an (examination of stand tables brings out the fact that 
numbers of niain^stand trees by diami'ter-breastdngh cla.sses arram^'i* 
themselves in a freipiency distribution. A'Icunbers of the younger 
and former groups show more or less the same tendency, in'dicatim^ 
that there are three or more distinct sc'.ries present. "Jliese serievs, of 
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( oiirse, in an ag^nipite stand table representing many aeres, overlap, 
and if combined their distribution assumes tiie typical J-sliaped 
form of imeven-a^ed stands. 

THE fip:ld sample 

('Circular liftli-acre sam])le ])lots were talvcii throiijj:h()ut Michigan and 
northern Wisconsin, located mechanically in areas of timber which had 
not been disturbed by cutting or lire within recent years. Only such 
undisturbed stands were examined in order tliat a picture might be 
obtained of natural dev('lo])mental trends iminfluen(*.ed by either 
cultural or destructive agemdes. The northern-hardwood type was 
r(‘pr('sented by 1(54 ])lots. The distribution of these ])lots by average 
main-stand diameter classes was as follows: 
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On each jilot a tally was made of all trees I inch or larger in diameter 
breast high, by species and by the three age groups—-younger indi¬ 
viduals, juain body, and former stand. Judgment of the age gro*ip 
was based upon experience, supplemented by liorings for age. Trees 
W(‘re classitied ‘hiiain body” if (1) their ages formed a (‘ontimious 
series about the average; (2) they made up a central group most 
important from the standpoint of volume; and {\^) their ages were set 
off from those of other trees. 

Tre(*s not. falling \\ithin the limits of this delinition were classified 
as younger individuals or former stand, depending upon their age. 
Not less than three age-sam])le trees were taken on eacli plot, and 
their specie's, diaim'ter breast liigh, age, and age gj-oup re(*orded. 
Regional volume tables were already available. 

ANALYSIS OF THE DATA 

MAIN-STAND AOE 

In the oHice the tally on cacli tally sheet was converted to a per- 
acre basis; cull t?*ees from this ])oint on were excluded Irom consider¬ 
ation. 'I'he basal area, board-foot volujne, and cubic-foot voluim' |)er 
acre repi*esent(Ml by the entire tallv of sound trees on ea(*h sheet were 
comput'd. On ea(*h sheet were also compnted the average stand di¬ 
ameter of the main body, weighted by basal area, and the average age 
of the main body, as indicated by the age-sample trees. The shec'ts 
wei’o then sorted into 2-inch average-diametc'r classes, and the aver¬ 
age age of each class determined. These ages were plotted over their 
C()rres])onding average dianietem, and a smooth curve was drawn 
through the points (fig. 2, c). The resulting values, the average main- 




84 


Vol. 5(5. No. 2 


Journal of Agricultural Itesearch 


stand a^es of nortlu'rn hardwoods in relation to average main-stand 
diameters^ are as follows: 
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>'JGM4E 2.—curves for undisturbed stands of northorn hardwoo<ls in Miclnifan and Wisconsin. 

Ill tins and subsequent figures 3, 4, (5, 7, and 9 the bases for the i>lotled points are indicated by numerals. 

Such average ages are relative; they express, not the number of 
years a given stand has been iti existence, but the periods of time 
which that stand has taken to develop from smaller-sized material 
the number of years it will require to develop mto larger size«. 
That is to say, the real signiflcauco to be attached to the ages 43 ami 
116 years for 0-inch and 12-inch stands, respectively, is that it must 
take alTout 73 years for stands witli a diameter of 6 inches to increase 
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that (lianiot(*r to 12 iiu*h(‘s. iVlso, th(‘so roJntivo n^es are n^^iotmidc 
avcMtiges, niul arc not apj)lical)lc, therefon*, to any specific stands 
nnh'ss tlios<' sttinds lia|)])cn, })v clian<‘c, to h(‘ average. 

HASAl. AREA AS AN INDEX OF DENSITY AND YIELD 

W'ith these relative a^es determined, the next step was to trace the 
d<»\eJo])nu‘nt of sta?ids with increase in tiu^ avera<>:e diainetja*. Total 
basal area in scpiare f'(‘('t per acre was used as a nuaisure of this devel- 
opnuml. Th(‘ avera.ire basal area. j)(*r a(‘ie was determined for all 
])lols in (uieh averag(*“diani(‘t(U‘ (‘lass, and th(‘S(‘ basal ar(*as curved 
over the corrc'sponding a,vera"(‘ dianudc'rs (fi^. 3, h). 



FiGirRK 3.- 'Th(‘ K'lalioii between bassil area and average luain-stund diameter, t\\o den«;lty groiiiis. 


This (mrve r(‘presents the way in which basal area- increases with 
th(» passajre of time in an average stand of n(M*tlierti liardwoods, under 
the fundamental assumption that undisturbed G-iiudi stands (for exam¬ 
ple) will develop during the next 73 3 ^ears into 12-in(‘h stands essen¬ 
tially similar to the present reprcsentativ(\s of the latter diameter 
(dass. it is understood, of course, that the field sample gives equal 
rei)resentation to all densities throughout the range of average diam¬ 
eters. 

This curve represents the development of stands having an aver¬ 
age stocking in basal area, but indicates nothing about the develop¬ 
ment of w ell stocked or of poorly stocked stands. The next problem 
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vvils to coiistriK't curves for tlie other densities, hnrnionizin^ tlieni 
witli tlie iivern^e according to their true relationsliip to that curve. 

In the interpretation of ]iorinal-yi(dd tal)les it is generally assumed 
that tlie basal area of an understocked stand will liold a constant jh'I*- 
(•(‘ntaij^e relationshij) to that the normal stand throuj^hout its devel¬ 
opment. On the otJier hand, an allowance is sometimes iiiado for 
increase in normality—that is, it is sometimes assumed that a youufx 
stand with a basal area 50 percent of normal will have a basal area 
wdiich is 55 or 00 or more percent of Jiormal by the time it rea(dies 
maturity. Such an increase in normality would presumably be the 
result of decnaised mortality and increased diameteu* »;rowth du(' to 
an understocked condition. 

In order to iind the true relationship in this (*ase, the standard 
dc^.viation in squaio feet of basal area was calculated for all jilots in 
each diameter class. Since these are standard deviations from dilfei- 
ent means in the case of each class, they are better expressed as the 



coeflicient of variation, or the percentaj^e relationship Ixdween the 
standard deviation ami its mean. S(; exjires.sed, the> ti‘11 a very inter¬ 
esting story. 

"riie average coetlichMit of variation of nortlu'rn-hardwood ])lots 
bclonpn^ to the 2-, 4-, and (>-inch average-diametm* classes was found 
to be 25 percent, meaning that about two-thirds of such ])lots have 
basal areas somcwh<‘ro within the limits of 25 percent more or l(*,ss 
than the average. JiowTver, plots in the S-, 10-, and 12-inch diamet(*r 
classes have a coefficient of variation of 23 percent, and jdots with still 
larger average diameters, only lb percent. This relationship betweem 
the coefficients of variatioji and tlieir average diamiders is expressed 
in curv(‘- form in figmc 4. 

This appcairs to mean that the basal area- of a ])oorly stocked stand 
does not hoid a constant percentage relationship to that of the average 
throughout its develo})ment but, on tlie contrary, gradually ajqiroaches 
the average. .It means that the spread of basal areas of individual 
plots narrow's dow'u with increasing average diameter. Poor stocking 
becomes relatively better, and overstocked statids thin out to some 
extent. These decreasing coellicients of variation indicate that an 
increase in normality actually takes jdace fimong understocked stands. 
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TJiose cocflifiouts ol‘ variation, IIhmi, serve*, as a basis for (‘onstruetinj^ 
jiioro eiirvcs of basal aj*ea over avorajxe cliainet(*r al)ove and below tlie 
average one already made, in order to (*xpress ekwelopmental trends 
in stands of various d(‘gre(*s of stoekiug flig. 3). This is done bv" choos¬ 
ing some (*oiiV(*nient arlhtrary percentage of the coeilicient of variation 
and using it to fix the int(‘rval betw(*en successive density curves. 
In tins case, 110 ])ercent of the coetricient of variation was used to 
determine the jiosition of four new cujrves of basal area over average 
diameter, one above and three below the average. This is an adupta- 



l If I M ■> Ui'.il »i( a , low <li ciJi\f howirv Ihi Hlitionslnp Ixlwn II in i m 1 ipi ff»i fi\( lU risit \ 

Cloup^ 


tion oJ the method of consttucting harmoni/ed cur^es (les(‘ril)ed 1 ) 3 " 
Osborne and Schumaclier.^ 

It ih now a simjjle matter to const!net a series of curves oi basal 
area o\(‘r age (basal-area growth cur\es;. Figure A j)res(‘nts the* rela¬ 
tion of basal area to average diameter; figure 2, c, the relation b(*t\ve<*n 
age and average diameter for a\erage stands. Figure o shows the 
lesult of combining these two sets of relationships, thereb 3 eliminating 
the factor of average diameter common to both. 

In tabic 4 under site index 3, these growth curves are expressed in 
the form of a growth table. Again, it must be borne in mind tliat the 
growth values so far obtaincMl are applicable only to regionwide aver¬ 
age stands, and not to any sjiocitic stands unless the 3 " hajijjen 1 ) 3 ^ chance 
to bo average. 

The question now arises: Are those basal-area growth values, based 
as they are upon undisturbed stands, apjilicable to the general run of 

* OsKouNE, J O., and Schumacher, F X, the construction of noum.vl-yield and .-ta\d tahiks 
FOR even-aued timber stands. Jour. Agr Research 61. 647-6(^, illus 1935. 
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stands fouud tlirou^lioiit a region? The curves for poor density repre¬ 
sent what hai)pens to stands that by nature are poorly stocked. Do 
they also represent what happens to stajids poorly stocked as tlie result 
of cutting, lire, or some other disturliance? 

(Irowtli in basal an^a is a function of (^J) diameter growth and (2) 
mortality. Lhifortunately there are no reliable data available for 
comparing the mortality in undisturbed stands with that in cut 
stands. It is possilde tliat mortality rates might be slightly higher 
in cut stands as a result of disturbance; at any rate, whatever dilfer- 
ence exists would probably tend to make grow^th predictions based on 
the undisturl)e(l curves slightly liberal when aj)])lied to cut stands. 

In the ease of current growth in diameter a j)ositive (*heck 
possible. Increment borings were taken in the lield on the undis¬ 
turbed plots, and borings from cut-over plots taken in other studies 
wwe also available. According to these data, half-normal undis¬ 
turbed stands (considering density" 1 as normal) are gro\\ing 1.40 
times as fast in diameter as normal stands: stands half-normal as 
the result of cutting are growing nearly 1.45 times as fast. In the 
case of quarter-normal stands the values are 1.S2 and 1 S() for undis¬ 
turbed and cut stands respectively. A(‘tually lh(‘S(^ diOerences are 
not significant for the size of the sample taken; l)ut they mean, if 
anything, that the undisturbed-growth curves may Ix^ slightly con¬ 
servative in respect to diameter growth. 

It is possible, then, by means of the l)asal-area growtli tal)l(‘s, to 
pr/nlict with some degree of assurance the future basal area and the 
growth in basal area for different ])eriods of time for any average 
stand W'hose age and present, basal area tier acn^ are knowm. It 
remains only to translate these growth-table values into tennis of 
volume. 

This may be done by using the ratio b(dxv(‘en volume and basal 
area. 

KATJO OF VOLUME TO B.ASMi AflEA 

In young stands the ratio of volume -board-foot volume, for ex¬ 
ample- -to basal area is small. This is because few^ trc'cs have yet 
resiched a size sufficiently large to be given any board-foot volume at 
all, w^hile there is already considerable liasal area. As the stand 
develops and many trees begin to grow' to mendiantable size, tlie’ 
board-foot volume in<‘reases rapidly. At the same time the liasal 
area is increasing, but at a slow'er rate, so that the ratio of board-foot- 
volume to scjuare feet of basal area grows rapidly larger. In this w'ay 
the number of board feet per square foot in a stand increases steadily 
wdth age. The increase of the ratio of volume to basal area reflects 
stand development in terms of the unit of volume employed. It is 
most rapid at the time when many trees are just coming into mer¬ 
chantability. As time goes on, this effect is less pronounced, and the 
ratio increase slacks off. 

The ratio of volume to basal area also reflects stand com])ORiti()n 
with regard to the relative numbers of trees of various sizes, an im¬ 
portant consideration in dealing witli uneven-aged stands. A small 
ratio indicates the presence in the stand of a large proportion of small 
trees having considerable basal area but little volume; a large ratio 
indicates a predominance of large diameters in the stand. Thus 
increase in ratio during a given period is closely correlated with the 
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ratio itself at the bef^inuiiig of tlio period- -that is, future ratio is 
correlated with present ratio. 

For tills reason it was not possible to convert the relationsliij) 
between basal area and age into a relationsliip between volume and 
age which might be apjilied to all stands. A certain volume per acre 
in one stand may be associated with a liigh basal area, indicating that 
many small trees are present and that a large volume growth may b(‘ 
e\j)ected; the same volume per acre in another stand of the same age 
may be associated with a relatively small basal area,, indicating that 
growth possibilities arc compai'ativel^" limited. Thus in average 
uneven-aged stands, volume yields are controlled indejiendently by 



lM<a UK <).—I'lie relatnuislii]) btMwfCu Jbe hoaid-fuot s<iuure-f(M)t ratio and tivoraup iiiain-stinul diainctor, 

b> ll\t'latio |i:roui>.s 

(1) basal area and (2) the ratio of volume to basal area, and some 
means must be found for constructing ratio growth tables as well as 
basal-area growth tables. 

The same method may be used for constructing such ratio growth 
tables as was used for making the basid-area tables. The ratio of 
board-foot volume to basal area, for example, w^as eomy)uted on each 
tally sheet. This volume, incidentally, is gross ScribiuT log measure, 
neither woods cull nor mill cull having been deducted. The ratios so 
computed w ere averaged by average-diameter classes, and the ayerages 
w^ere used in the construction of a curve showing the relationsliip 
between the board-foot square-foot ratio and average diameter 
(fig. t), b). 

The coefficient of variation of the ratios of individual plots within 
each average-diameter class was then computed, curved (fig. 7), and 
used to construct additional curves of ratio over average diameter in 
the same way that the basal-area curves W'ere made. 

Finally the relation between age and average diameter (fig. 2, c) 
was used to establish the relationship between ratio and age. (See 
fig. 8 and table 5.) 
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Jiiitio tables for cul)ic-foot volume were injwle in the same way 
(table b). 

The final procedure, then, for predicting iJu^ future volume--e. g., 
board-foot volume at the end of 40 years of an average stand is as 
follows: Determine the present board-foot volume and basal area ])er 
acre, and from these the present ratio; determine the age of the stand, 
based on the ages of main-stand trees. From the basal-area p*owth 
table find the basal area 40 years hence. From the ratio table find the 



Fjr.UKE 7 Tho correlatKiii bctvsec^i rocllinenl of vaiiatioii of fho ho:ifd-fool foot lainj .mkJ :i\(*rriro 
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ratio 40 years lit'iicc. Multiply tlio 4()-y(>ar basnl ao'a l)y llio 40-y(>ar 
ratio. The result is the yield in hoard-foot voluiuo at tho end of 
40 years. 

SITK . 


One factor—site remains to be considered. Thus far this nietluul 
of-growth and yield prediction is applicable only to regionwide a verage 
stands. How may it be made ajjplicablc to individual staiuls whose 
sites may differ from tho average? 

Tho key to this problem seems to lie with the ages of jdots within 
the various average-diameter classes. The average age of j)lots in 
the 8-inch diameter cla.ss was found to be 02 years, but the deviation 
of individual plot ages from this average was ci)nsiderable. E.vpressed 
as the coefficient of variation, it amounted to 29..') percent of the 
average. This vuluf of 29..') percent, moreover, was obtained inde¬ 
pendently for each of the three average-diameter groups mentione<l 
m the discussion of basal areas, indicating that the standard deviation 
ni ago of individual plots holds a constant percentage rclationslui) to 
its mean, regardless of size. 

This is quite, a different situation from that found in the case of 
basal area. With basal area there was a gradual approach toward 
the averaM as stands matured; with age there appears to be a factor 
at work which makes some stands younger, some older than the aver¬ 
age for that size; and further than this, as these stands develop, their 
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vjiritition froiu llic average appears to increase in direct proportion to 
the length of time involvcHl. Jn other words, there is a factor wliich 
causes some stands to reacli a given size much sooner than others, and 
this facto!’ is cumulative* and (‘onstant with the [)assag(‘ of time. 

\Vh(*tl)<*r tliis is a single* fae*tor or several factors working together, 
or whet her it is te-irmed “site (juality’' e)r something else, is not impor¬ 
tant. For the sake of simplicity it will l)e so termed here, and dclined 
thus: Site equality is an expresvsion of those natural elements in the 
habitat Avhich (*.e)ml)ine le) e^rntrol the rate of ineu'ease in tlie average 
diameter of a timber stiind. According to tins tlefinition, if the 
average site will ])roduce an 8-inch stand in 62 years, then sites jno- 
ducirig S-inch stands in, for example, H2 years sliould be called good; 
those r(‘quiring 92 years to achieve the same result should be called 



Km.( hk k - 'I'iio bonrd-ftiol square fool ?alio ciirNeil ovei auo, Hnc laho gtoiips. 


poor. Furthermore, the range between 32 and 92 may be divided 
into a series of site <‘lasses, from the best to the poorest, and a similar 
seri(*s may be established for each of the average-stand-diameter 
classes. 

TJiis has been doiie in figure 2, which expresses site (piality in terms 
of aA'crag!* main-stand tliameter and average main-staiul age for the 
northern-iiartiw 00(1 type. Site 3, or the average, was represented by 
the original curve e of age over <Uameter. The other site-index 
curves were harmonized with the average according to the same 
Juethod used for basal area and for the board-foot s(juare-foot ratio. 
The interval emplovcMl in tJiis case w^as 85 percent of the coeHioient of 
variation, giving a convenient spread between site 1 and site 5. 

It is, of course, obvious that the definition of site (piality ex})ressed 
in figure 2 is a])]>licable only to stands of northern hardw^oods which 
have not ])e(Ui disturbed by e^ither cultural or destructive agencies, 
'riiese curves are expressed in tabular form in table 3. 

It is now a simple matter to construct basal-area growTh curves and 
ratio-grow^th curves for sites other than the average. A set of basal- 
iiroa growTh curves for site 1 may be obtained from the curves in 
figure 5 (representing site 3) by substituting for the site 3 age values 
the corresponding values read from curve a in figure 2. This new' age 
scale would road 10 years at the point now marked 19; 20 years 
instead of the present 39; 30 years instead of 58; and so forth, indicat- 
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ing tluit the same result is jiohieved in 10 years on siL(^ 1 tliat re(juir(‘s 
JO years on site 8, and so on. A set of basal-area and of ratio cun es 
was obtained for each of the five sites, and these curves c(»Jiverted to 
table form (tables 4, 5, and (i). 

STATISTICAL BASIS 

TJ)e justification for usin^ tliese data to dcLu-mijie sit<' and ]>redi(‘.t 
growdli in a staiul f)f norllierji Jiardwoods is based u])()n ccutain nOa- 
tionships oa])al>le of being; tested statistically. Such tests were actu¬ 
ally carried out, and tlu' following facts esta,blishe<l regarding tlu^ 
basic data: 

(1) Tliere is no correlation betwwn the density index of ])lots and 
their site index. That is, the variation in basal area from the basal- 
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area average-diameter curve is not related to age. This, iji turn, 
means that the use of a single basal-area average-diameter cmwe for 
all site indices is well justified. 

(2) Then*, is good correlation betw^een the age of main-stand saiiqde 
trees and the av(u*ag(* diameter of the plots on w4iich tiny were 
taken (correlation coeflicicnt ().SI9; 492 cases). 

The method of carrying out test No. 1 is illustrated in figure 9. 

Test No. 2 wuis carried out by running a ])artial c*orrehdion, using 
the variables age, averages diameter, and density. For this purpose 
the range of densities represented in figure 8 was further ilividecl to 
allow for a classification into 21 density groups. 

The variation in ago of the main stand in tlie northern-hardwood 
type depends upon three conditions. (J) The stage of stand develop¬ 
ment-i. e., whether the stand has a large or small aV(*rage diameter; 
(2) site, or variation in pla(;e, revealed by the age variation betw'een 
plot means; and (8) the age variation among individual main-stand 
sample trees wdthin a j>lot, determined by the classification of main- 
stand trees used in the field (pp. 81 to 88). These values are presented 
in table-1. 




Jan 15, 193 H l^redictwn ofGronyth w Stands of Uneven-Aged Timher 
1.- - Varialion in main-aicuKl age, hg size classes 


93 


Variation 


Mean \anancp in iiee by 
niain-stainl t>i/c elass— 


lipt>\een plot^i (1',*) --- 
itetween plot means (tt,-) 
\\ ithm plots (o,‘) 


1 1 

2 

3 

1 Years 

Years 

Years 

, <is 

5, 749 25 

7,437 98 

1 4S 

I 7.‘'S 61 

1.8<)2 ()4 

1 f>7 LM 

17.1 4‘2 1 

, 1.8.50 (k; 

the size cl 

ass of stands. 


Sizo-class 1 ivprosoiits stands witli average main-stand diameters of 
2 tJirough t) inches; size-class 2, stands with average diameters of 8 
tiiroiigli 12 incites; size-class 14 inches or more. 

The varian(‘e in age between plots (V,“) is made n]) of two com- 
])ojU'nts, miniely, V{irian(‘e between plot means and varian(‘(' 

within jdots That is to say, 

where n (Ujnals the mimber of age borings ])er plot. 

The variance betwt'cn plots is large and is significantly tlifferent 
from the variance \\ithiii plots, in all stands, as determined b}" Fisher’s 
/' test."' Afost of th(^ variance bed ween plot meaJis is due to site 
di (Terences. 

The sf|uare of tln^ standard error of the grand moan® can b(* ex¬ 
pressed as 

1 / . , . 


. i \ 

<^U ~ ■ I O'.N + 

tn \ n / 


wlier(». m e(|uals the mimber of plots taken in each size class, and n 
equals the number of age borings taken on each plot. In other 
’words, tli(‘ standard error of the grand mean dej)ends not oidy upon 
the two variances J^nd but also upon the number of Imrings 
per ])lot and esjjecially upon the number of plots taken within a given 
size class. 

Ifowever, in the case of stands homogeneous in r(»s])ec( to site and 
average diameter, since here equals zero, the square of the standard 
error of the mean age can be expressed in a simpler form— 


efM 


in n 


That, is, the standard error here will dejjend u])on the varianci^ within 
plots and the total number of borings {inn) used. 

Table 2 shows how the standard error of age deterininations varies 
with the total number of borings taken, or mn. If, for example, a 
cruise based on fifth-acre sample plots employs altogether 10 acres of 

■' Ftsitkr, K. a. statistical methods for RERKARtii WORKERS. E(i 0, rcv. iimi enl., 330 pp , ilhis 
Eilinbiir^fh letc* | 1036. 

® VlPPETT. Ti. II. C. THE METHODS OF STATISTICS. AN INTKODITTION MAINLY FOR WORKICKS IN TPK HIO- 

logical sciences. 222 pp , illus. London. 1931. See pp. 93 and 176. 'I'lppett'.s notation has been used 
thromjhout this paper. 
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plots, 50 sample plots in all are taken. If, fiirtherniore, 2 borings 
are taken on each plot, there will be 100 borings. With tljis number 
of borings, the average age of stands of norlhern hardwoods of size 
class 2 (growing on all sites) will be estimated with a standard error 
of 0.3 years, an accuracy ade<jiiate for the uses to which the estimated 
average age is to be put —growth prediction and site determination. 
Should the stands sliow no marked differences in site or average 
diajneter, the same 100 borings would estimate the mean age within 
2.2 years, on the average. 


Table 2. —Standard error of mean-age determinaliom^ in relation to sizi‘ cJaas and 
nnmher of borings used {all sites combined) 
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Incidentally, the standard errors of ag(‘ determination for tlH‘ 
northern-hardwood plots used as the basis for this study W(u*e as 
foUow^s: For plots belonging to size-class 1, 1.4 years; size-class 2, 
6.5 years; size-class 3, 10.4 years. These standard errors rej)resent 
about 6 percent of the average ages of the groups of plots involved 

GROWTH TABLES AND THEIR APPLICATION 

The method of grow th prediction ami site determination for um'ven- 
aged timber stands can now b(‘, put into practice, using four basic 
tables, taken from the curves already presented (tables 3,*.4, 5, and t>). 


Table 3.— Site-index ^ table, liasic values for determining site indix of a stand 
whose average diameter and age are known 

INortherp lmr<lwoo(l.s Liikr Sldtesl 
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Table 4.— Growth table: Total stand basal area per acre ^ in relation to age, site, 

and density 


I Northern hsinl woods Lalie States] 


. - - - 

- - - - 

- - - 


. . _ 



- . 

-- 

— 

-- 

— 

— 

— 

— 



Site index 1 



Site index 




Site inde,x 3 



Cl 



o 



e«5 


0 

_ 

(M 

IC 


Main- 



V 








W! 


t-e 


.stand 



Oj 

a> 







0/ 

•d 

O 

nd 

ID 

Td 


agn 

a 

d 

s 

s 


d 

d 

d 

a 

a 

H 

c 

d 

d 

(><'ans) 







X 


U. 













7 


"ti 




ti 



d 

d 

6 

d 


c 

d 

p 

d 

d 

c 

d 

d 

c 



o 

A 

Oj 



a 


X 

O/ 

Cb 

O 


X 



M 

ft 


a 






a 

pi 





Sg. 

sg 


SV/ 

Sg 

,SV/ 


Sg 

Sg 

.SV 

Sg 

.sv 

'^V/. 


fl 

ft. 

ff 

ff 

Jr 

ft 

ft 

n 

ft 

ft 

ft 

ft- 

ft 

ft 

20 I 

\ 114 2 

90 1 

0t» 0 

42 0 

17 9 

95 4 

74.3 

53 2 

32 1; 

11 0 

1 83 5: 

04 S 

40 0 

27 2 

40 

140 K 

118 7 

90. 0 

()2 4 

31 3 

128 <» 

102 0 

70 0 

.50 7 

1 21.7; 

i 115 2 

91 2 

07 2 

43 T 

00 . .J 

1 170 3 

139 0 

109 (I 

78 4 

47 7! 

149. 4! 

120 9 

92 4 

(h3 s 

1 .15 3 

' 1.15 7 

lOS 8 

81 9 

5.5 0 

80... . I 

188 S' 

1.50 3 

123 8 

91 3 

.58 8 

10.5 0 

134 8 

104 5 

71 2 

44 01 140 9 

121 4 

92 8 

(’4 .1 

KM) 

i 203 1 

109 4 

, 135 0 

101 S) 

08 1 

178 1> 

140 0 

11.5 0 

83 5 

51 9- 102 0 

132 li 

102 2 

72 4i 

120 - . 

' 212 

17S 2 

i 144 li 

1 no 0 

75 9 

189 7 

1.57 0 

124 2 

91 5 

.58 8 

172 9 

111 8 

no 8 

79 71 

140 - 

2I<> 1 

1 isl M 

i 1,50 0 

1 110 1 

82. 2 

199 4 

Km 8 

132 3 

98 8 

05 2 

182 0i 150 5 

118 4 

80 11 

100 

222 9 

! 188 9 

151 9 

1 120 9 

SO 9 

i 207 3 

173 2 

119 0; 101 9 

7t) 8 

191 4 

1,5s 4 

125 4 92 5 

ISO 






: 213 4 

179 1 

111 S 

no 4 

70 1| 198 7 

105 1 

131 0 

98 0 

20<« - 






218 1 

183 8 

119 1 

11.5 i 

80 S 

2<»4 8 

170 9 

137.(0 101 1 

220 






221 I 

187.4 

153 1 

119 1 

8.5 .1 

209 8 

175 8 

141.7 

107 •» 

210 . 











214 li 179 0 

145 8 

111 0 

200 











217 5l 183 3 

149 1 

114 9 

280 











220 3 

IHO 2 

1.52 2 

118 1 

.100 , 








-- 

' 


222 t* 

ISS 7 

151 8 

121 0 


X 

O' 

-d 

a 


8 5 
19 1 
2S 1 
T) S 
4Z 5 
4S fl 
54. .i 


M 4 
(»9 2 
73 t. 
77 4 
80 7 
S4 0 
S7 1 


Site index t 


Site index 5 


M.nn-‘-!arid upe } 

(vcir^' I 

I 



20. 
40 
00 .- 
SO 
100 
120 
1 10 . 
100 
ISO. 
2(K) 
220 
240 
200 
2HO 
300. 


I 


I 


I 


S<l ft. 
75 S 
lot () 
I2t S 
J:<9 3 
150 0 
1()0 2 
100 2 
177 7 
185 ,1 
191 9 

197.9 
203 0 
207 3 

210.9 
214.1 



S(j n , 

58 4 
82 1 
<8* 2 
1118 
122 0 
130 <) 
138 0 
140, 1 
153 0 
158 9 
10-1 1 
J09. 2 
173 2 
170 7 
179 8 


a i 
o 


Sg J( 

41 0 
59 0 
73 0 
81 4 
93 3 
100 9 
t07 9 
IH 5 
120 0 
120 Oj 
131.0 
135 4! 
139 2| 
142 5 
115 0 


C< 


Sg ft 


>9 ft 

1 

23 

9 


*2| 

37 

1 

' 11 

0) 

47 

9 

22 

3' 

57 

Oi 

29 

5»i 

04 

0, 

3(. 

0 

71 

2 

41 

0 

77 

2 

40 

1) 

82 9 

51. 

3 

88, 

2l 

55 

9 

93 

oi 

(*0 

0 

97 


1 04 

0 

101 

!'» 

1 07. 

7 

105 

Ij 


0 

108 

3’ 

1 74 

1 

111. 

3 

77 

0| 


i 



Sg ft i 
70 0i 
97 1| 
115 7 
129 7 
110 7 
150 2 
1.58, 0 
1(»0 2 
173 3 
179.9 
180 2 
192 1 
197 4 
202 1 
2(K5 4 


Sg ft 

■S? ft 1 

53. j 

37 01 

70. 0 

.54 Ol 

ill 1 

07. 2 

103 5 

77.3 

113 2 

85 7 

121 0 

93 1 

129. 2 

99 7 

l.iO 0 

105 7 

142 2 

111.2 

148 1| 

110 2 

153 7 

121.2 

1.50.0 

125 8 

103 8 

no 2 

168 2 

131 2 

172 2 

138.0 


Sq.ft 

ft 

20 4 

i 3 9 

33 2 

! 11 8 

43 0 

1 18 7 

51 1 

24 9 

58. 2 

30 7 

04 0 

30.0 

70.2 

40 8 

75.4 

45. 2 

80 1 

49. 0 

84. 4 

52. 0 

88. 0 

50 1 

92 0 

.59 5 

90. 5 

02 9 

100.2 

Ob 3 

103 8 

09 0 
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Take as an e.xainple a lOO-acre stand of northern hardwoods in 
eastern Wisconsin. A JO-percent inventory cruise is to be run, using 
iifth-acre plots. A prediction is required of the annual growth in 
board feet for the next 20 years. 

An accuracy of age dotennination representing a standard error of 
about () years is desiretl. A cursory inspection shows that the timber 
all falls in size-class 2; table 2 shows that little increased accuracy is 
to be obtained from numerous borings on each plot, about two borings 
per })lot probably being adequate. The cruise is run, the data com- 
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piled in the office, and the following figures obtained (excluding cull 
trees): 


(1) Average volume per acre: 8,250 board feet (Scribner). 

(2) Average basal area per acre: 150.0 s(jiiare feet. 

(3) Board-foot square-foot ratio: 55.0. 

(4) Average main-stand diameter: 9.2 inches. 

(5) Average main-stand age: 42 years. 


Table. 3 indicates that site index is 


42 21, 
" IS 


or 1.2, (‘ailed 1 (excellent). 


Table 4, site index 1, 42 years, places 150.0 scjuare feet nearest 
density index 1 (fully stocked). Tlie increase in basal area during 
the next 20 years (from age 42 to age 02) for density index 1, site 1, 
is, by simple int(‘r[)olation, 

170.3-170.3)]. 

or 23.0 s(]uare feet. Tlic basal area to be (‘xpe(*t(>d 20 mums lumcc' 
is then 150.0 + 23.0=^ 173.0 square feet per acre. 
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Table 0. —Gtowfh table. liatio {cubic feel per nqiiare foot of basal area) ^ m relation 
to aye, site, and ratio group 
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Tieos Ti iriclu's and more in d h. h., to a t-iiieli lop iiibUle bark, mil trees excluded. 


Tablt' 5, site index 1, 42 yc’iars, places the ratio of 55.0 in ratio group 
a (liigliest). Twenty-year ratio increase in this group is, by inter¬ 
polation, 31.1, making the board-foot s(|uare-foot ratio 20 years hence 
55.0“|-3l.l, or 80.1. 

Volume per acre in board feet 20 years hence is thus 173.0X80.1, 
or 14,895 board feet; and growth per acre for the period, 14,895 — 
8,250, or 0,045 board feet. Tliis means that a growth of 332 board 
feet per acre per year (including woods and mill cull) may be expected 
for the next 20 years. 

In this example it w as assumed that the stand belong entirely to a 
single size cluvss. Where different sizes arc represented on an area, a 
separate growdJi estimate shouhl pro]7('irly ]>e made for each. 
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Take as a second example a stand in the eastern l^pper reninsula 
of Michigan, similar to the first in area and in cruise requirements. 
In this case, however, the timber falls in size class 3, and reference to 
table 2 shows that at least 200 borings are required, or 4 borings per 
plot. A cruise is run, and these data obtained: 

(1) Average volume per acre: 10,232 board feet (Scribner). 

(2) Average basal area per acre: 95.0 square feet. 

(8) Board-foot square-foot ratio: 107.7. 

(4) Average main-stand diameter: 17.0 iticlies. 

(5) Average main-stand age: 270 years. 

Table 8 puts tliis stand in site index 5, or poor. Table 4, site index 5, 
276 years, puts 95.0 square feet in density index 4 (fioorly stocked). 
Basal-area increase from 276 to 296 years is, by interpolation, 3.6 
square feet, making basal area 20 years hence 9S.6 square feet. 

Table 5, site index 5, 276 years, indicates that a ratio of 107.7 falls 
in group 6, Ratio inc-rcuise in this group from 276 to 296 j^ears is 3.2, 
meaning that the board-foot sciuare-foot ratio to be expected 20 years 
hence is 110.9. 

Volume per acre 20 years hence is 98.6X110.9, or 10,935 board feet 
Scribner. Growth for the 20-year period is 701^ board feet, and 
growth per acre per year 35 board feet gross vSeribner. 

These two examples make it apparent that volume growth is con¬ 
trolled chiefly by the four factors: Site, age, density, and the pro¬ 
portion of small trees just ready to enter merchantability. The last 
factor is reflected in the ratio of volume to basal area. 

SUMMARY 

A method is presented for deterjuining site and pi*edicling growth 
in uneven-aged timber. Taking advantage of the fact that a main 
even-aged group of ti’ees may be distinguished within each unevem- 
aged stand, the basal areas of stands are curved over the ages of these 
main groups, and these curves are used in conjunction with the ratio 
of volume to basal area in predicting future yields and growth. vSite is 
introduced as a function of age and average diameter. This series 
of relationships Jiiay be expressed in the form of site and growtli 
tables, which can then be applied to any stand of the coveu* ty[)e in 
question. 

A statistical analysis of the field data obtained in the northern- 
hardwood cover type shows that (1) use of the three correhitious - 
basal area wdth average diameter, volume basal-area ratio with average 
diametcu-, and ago with average diameter--as a basis for growth 
prediction, is well justified; (2) significant, even-aged groups of trees 
are actually present in so-called 'hineven-aged*^ stands; (3) only a 
small error is involved in determining the average age of these groups, 
this error depending upon the number of sample plots taken, and to 
some extent upon tlie number of age-sample trees bored on each plot. 



RELATION OF CERTAIN PLANT (ITAKACTEKS TO 
STRENGTH OF STRAW AND JAIDCilNG IN WINTER 
WHEAT ' 


l^y T. M. Atkins - 

Assistafit ogro7Lonnst, Dnnsi07t of Cereal Crops 07i(l Diseases, Bureau of Plant 
Pulusirij, United Ablates Department of Agriculture 

INTRODUCTION 

Locl^in^ of wheat is often an important iactor inflneneing the final 
yield of grain in the more humid sections of the country. Hence 
tlie development of varieties resistant to lodging is an important 
objective in most breeding programs. However, lodging under 
field conditions usually occurs so irregularly that an accurate evalua¬ 
tion of the tendency of new strains and varieties to lodge is difficult 
to obtain. Because of this, numerous efforts have been made to 
find a satisfactory method of testing new strains with respect to this 
characteristic. Ordinarily, these have consisted of mechanical 
devices designed to measure r(*sistan(‘e of the culm eitlier to bonding 
or to breaking. Otlier studies have been concerned with plant 
cha,ract<u‘s which, it semus, might be associated with resistance to 
lodging. 

REVIEW OF LITERATURE 

The literature) on lodging is rather extensive and extends at least 
as far back as 17S9, when Sir Humplirey Davy [4)'^ associated loilgiijg 
of cereals with low silica content of the straw. (Vunprehensive 
reviews of early literature have been given by Welton and Morris 
(^3), tlie Imperial Bureau of nant Genetics, vSehool (>f Agriculture,^ 
Phillips, Davidson, and Weilie (S), and others. Tlu' reader is referred 
to thes(» publications for results of research ])rior to 1931. 

Brady (/) recently made extensive stiulies of external and internal 
(‘haracters of three oat varieties in an attempt to find some mor])ho- 
logical or anatomical character associated with lodging. He found 
that tliickness of the cuhn Avail, number of vascular bundles, width 
of lignified tissue, and width <»f sclereuchyma w ere all closely associated 
with varietal dilferences in lodging, but that external characters 
such as height of plant and lengtli and diameter of lower internodes 
were equally good indexes. He conclude<l that all characters were 
so subject to soil variation that their use for the isolation of strains 
resistant to lodging could be used only on a relative basis, dark 
and Wilson (3) studied the relationshij) of lodging, tillering, and 
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broakinj^ strenj^tli of straw in varietios of spring wheat and barley. 
They found significant differences in breaking sti’ength between 
varieties but no correlation between breaking strengtli and lodging in 
the field. A significant coiTelation betwe(ui dianu^ter ol (*uljn and 
breaking strength was found. Hall (6*), in ii study of lodging in 
corn, found lodging significantly correlated witli the force jiecessary 
to pull the plant from the soil, but Uttlc or no rehiti(U\ship between 
the amount of lodging and ear height, length of underground sltun 
(mesocotyl), stalk cross section, amount of disease of the stalk, size 
of brace roots, nund>er of suckers, or weight of ears. 

Smith {12) studied breaking strength of Fo and Fy strains from a 
cross of (io])her X Rainbow oats. He concludes that the use of 
the breaking strengtli of straw test as a- means of distinguishiiig 
plants superior in this i-espect is not justified. Rajniab and Dhar- 
malingam (9) found only a single-factor difVenmce between strong- 
and weak-strawed varieties of rice. 

Salmon (10) devised an instrument for measuring the strength of 
straw of small grains and he presented data to show that this measure¬ 
ment was correlated with lt)dging behavior in the field. I'bis in¬ 
strument has also been used by Sahnon and Laude (11, Pl> o7 oS), 
Davis and Stanton (5), and Lcidigh, Mangelsdorf, and Diinkle (7 ), 
and their data support Salmon’s conclusions. 

MATERIAL AND METHODS 

^The data obtained in this study were secured during the crop 
seasons of the 4-year period 1931-84 from idants of various wh(*at 
varieties grown at Texas Siibstation No. b, Denton, in north-central 
Texas. The number of varieties varied from a minimum of IS in 
1931 to a maximuni of 129 in 1934. iMor to J934 the material for 
testing was obtained from the guard rows of the replicatc'd wluuit 
nursery plots. In 1934, a special seeding was made in single three- 
row, 8-foot plots. Plants for the study were taken from the (‘enter 
row of each i)lot. Tlie rate of seeding was uniformly 8 grains per row. 

Various characters were studied, including the bn^aking strength 
of straw, height of ])lants, length of lower internode, diamc^ter and 
weight per unit le-ngth of culm, date of maturity, weight of grain from 
100 heads, weight of 100 culms, and stand. 

Determinations on strength of straw were made with the machine 
devised by Salmon and referred to above. Plants for testing were 
pulled or cut at the surface of the ground and cured under cover 
liefore tests and measurements were taken. Twenty determinations 
of f) straws each, or a total of 100 straws, were made for each variety. 
The data are reported as the average number of ])ounds required to 
break five straws. Tests were made in all instances on the first 
upright internode above tlie crown of the plant. 

Diameter of culm, length of culm, weiglit jier unit length of culm, 
and length of the lowc'r inti^rnode are basinl on 100 determinations 
for each variety. Each individual determination of weight per unit 
length of culm consisted of the weight of a. 10-cm section, iiududing 
the one node, betwe(ui the internode used for the stnuigth-of-straw 
determinations and the one immediately above. I^lant lunght was 
measured in the (ield in 1932 and included the height of the (»ntire 
plant. In 1933 and 1934 the length of tlie culm after the head was 
removed was determined. Whenever lodging occurred a record was 
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consisting of (‘stinnit.cs of t.li<'. iKnccnt.niXc of tin* j)l,‘i.nts pcr- 
mnncnlly Io{1jj:(mI. 

Statistu*al trcjitnuMil of the <lat.n has Ix'c.n conlimMl to nuaisnics of 
the, varial)ility of hjuaikin^ strength and the*, caJcnlation of (‘oefliehaits 
of correlation. Tlie data on strength of straw wcnc* analyzed by the 
analysis of variance method as developed by Fisher (/7). Simple (wre- 
lation coeflieients were determined for all ])ossibl(‘, combinations 
arnon^ the characters studied. Partial correlation coeflieients were 
determined in a few instances where it seemed they mi^ht be of value. 
Many of the varieties are siisee])tiblc to rust, and in 1934, when it 
appeared that rust would probably interfere with th(‘. ]>rinei])al 
objective of the ex])eriment, the entire ]>lanting was dusted with 
sul])hur at frecfuent intervals, and rust did not develop in damaging 
amounts at least until late in the season. The breaking strength of 
the straw of rusted and nonrtisted ciilms of certain varieties was 
(h'termim'd, and no signifi<‘ant difTeren(*es were ol)served. This, 
together with general observations, indicates that for the purposes of 
this study rust ])robably did not materially influence the results. 

A considerable number of the varieties grown at Denton have been 
gi'own also at other experiment stations in the Lhiited States at which 
lodging has occurred. Data on lodging siij)plied by the various sta¬ 
tions have been studie<l in relation to the breaking strength of the 
straw as <letermined at Denton, and the results are re[)orted herein. 

EXPERIMENTAL RESULTS 

The data on strength of straw, measurements of certain mor])ho- 
logicai characters, and records of stand, date of maturity, lodging, 
and rust for the various varieti(‘s grown at the Denton substation in 
1932, 1933, and 1934 are given in tables 1, 2, aiul 3. Jn each table 
the varieties are listed in the order of breaking stnmgth of straw, 
Determinalions of breaking strength of straw were also matle in 
1931, but no other data were recorde<l. The analysis t)f variance for 
tlu^ breaking strength of the straw is given in table 4, and the corre¬ 
lation <’oeffici<Mits for various pairs of (diaracters are given in table o. 

Tmu.e 1. Breaking strength of straw and various agrononnr efairacters of 6*J wheat 
varieties and strains grown at Texas ASuhslaiion Xo. DeutoHy Tex., lOSJ 
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TvBiiE 1. —Breaking i^trength of fiiraw and various agronomic characters of 6o wheal 
varieties and strains grown at Texas Substatio?i Xo. 6‘, Denton, Tex., UJii^ —Con. 
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2. - Breaking .^trcrtgth of fit raw and rarioas agronomic characters of JfJ, wheat 
varieties and strains grown at Texas Substation Ntt 6', Denton, Tex., ItJiid 
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Table 3.™ Breaking strength of strair and various agronomic characters of J29 wheat 
arieties and strains grown at Denton^ Ter., lati'f. —Continiiod 




Table 4. —Analysis of variance of strength of straw determinations of leinter wheat 
varieties grown at Denton, Ter., JOSJ, 19dS, and JOdf 


Variance 


DcRrees of j Sum of 
freed oil! ' srjiiares 


I Standard I Least sn?nif* 
M ! error «»f I loanl dJtTei- 

i tUetueai\ I ence l>et>*een 
I ofan> anv t\\o 

! \aru‘t> I \atiei!e>. 



1 

i 

j 

J*ONn(tft 1 

|•0>l hfls 

Total. - - 
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571 085 

8 923 , 
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0 3 
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321 .V27 

.200 1 
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im 

Total.— -- - 

879 ! 

1, ros 087 

1 215 j 

i 
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rt j 
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14 352 , 

\ . IM 

4 
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8 .tfi 1 

1 

450 941 

.539 li 

1 

1 

1 


1934 

Total. - 

1 

2 r>7y ! 

3,100 018 ! 

1 201 ; 

i 

1 : 


Between varieties. . 

1 128 , 

1 , 880 x:^() 1 

M 711: 

. l.VS 

i; 

Within varieties_ . . 

i 2.4r.i 

1.219 188 

497 ’ 

1 



I 


It will be noted that tlie varieties difFered markedly with respect to 
most of the characters. Thus, in the seasons when these* relations 
were studied the following difFercnces existed: In 1033 arul 1034 
(tables 2 and 3) the highest value for the weight of grain per 100 
heads exceeded that of the lowest by 274 and 185 percent, respectively; 
the highest weight of 100 culms, by 276 and 198 percent; and the 

f reatest weight per’unit length of culm, by 125 and 153 percent. 

luring 1932-34 (tables 1-3) the highest breaking strength of straw 
exceeded the lowest by 86, 99, and 134 percent, respectively; in length 
of lower internode the highest values exceeded the lowest by 61, 47, 
and 94 percent; and the greatest diameter of culm at base exceeded 
the lowest by 45, 42, and 80 percent. The range in date of maturity 
was 17 days in 1932, 25 days in 1933, and 33 days in 1934. Table 4 
sliows that the range in breaking strength of straw was many times 
greater than, the standard error. Statistical analysis of the other 
determipations was not attempted. 
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'Pahle 5.— Correlation CM-ffidents for each pair of characters studied in winter wheat 
ranches groten at Denton, Tex., in 19H3, and 
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< Le.gst signiikMiit valiie of r-0 2.50, least highly significant value of r = 0 325. 

^ Least significant value of r^O 2SS, least highly significant value of r—0172 

0 Least significant Nulue of r-0 105, least highl.v signifieant value of r-0 254, except for lodging, in which 

ease the e»H»lfieient was* eal(‘ulate<l for 40 varieties onl>. For these cases the least significant value, of 

T - 0 lot 


Tlio rliiof iiitorest hoiv is with respect to loilgiiig, since the tendency 
to lodge is tli(» fn(*tor it is desirable to measure. All hut 3 of the 65 
varieties and strains grown in 1932 showed some tendency to lodge, 
the amount of lodging varying from a trace to 64 percent. In 1933, 
32 of the 44 varieties and strains showed a tendency to lodge, but the 
amount of lodging was small, varying from 1 to 19 percent. No 
lodging occurred in the ])lanting made for strength of straw' studies 
in 1934. However, 39 of the varieties and strains were also included 
in the repllc'ated yield nursery, and it was from these plantings that 
lodging data were taken in that year. In this case all but three 
varieties showed a tendency to lodge, the amount of lodging vaiying 
from 1 to 73 percent. It must be admitted that the data on lodging 
are not so satisfactory as might be desired, but, on the other liaml, 
they are probably as good as can reasonably be expected, if due 
(‘onsideration is given to seasonal variation and the numerous factors 
known to affect lodging. On the whole, it would seem that the range 
in lodging and of other characters studied is such as to make a study 
of the relation of these characters and tendency to lodge at least fairly 
satisfactory. It now remains to he determined whether lodging is 
correlated "with any of the plant characters that were studied, and 
if so to wdjat extent. 
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LODGING AND BRKAKING STRKNGTII OF STRAW 

wus not si^nincnntly corrolutod with hn^nkin^ sir(*n<ji:th of 
siiiiw in iiiiy soason (tabJo Fy), Jt was sij^nifirantly and positively 
correlatod with height of plant in 1932 and 1933, with lenjrth of the 
lower internode in 1934, with date of maturity in 1932, and with 
weiglit of ^rain per 100 heads in 1933, and was significantly an<l 
negatively correlated with weight per 100 culms in 1934. All othei* 
coeffi(^ients involving lodging failed to reach the level of significance. 
The coeflicients for lodging and length of the lower internode were 
positive in each of the three seasons, and in one of them statistically 
significant. When combined by Fisher’s method {/)) a cocdlicient of 
0.226 was obtained, which was liiglily significant. 

Because of the influence of these various factors on lodging, it was 
considered desirable to determine whether, by holding these (‘onstant 
by means of partial correlation <‘nefficients, the relation between 
breaking strength and lodging might be made more api)arent. It 
w^as found that tliis procedure made no material changes in the 
coefficients for 1932 and 1933, and hence the ])artial correlation coefli- 
cients for those years are not given in detail. The coeffi(‘ienfs for 
1934 are as foliow^s: rartiul 

('haracters held couxtant (o( ffi(i» tit 

Height of plant-.. ... . _ 0. 279 

Length of lower iiiternode- .... — . . ()(>1 

Date of niaturitj^ . _ ._. ... .229 

Height of plant and length of low(‘r interii<Kl(‘. .. . .011 

Height of plant and date of maturity _ _ .291 

Length of lower internode and date of matunt \ - .110 

It will be noted that, whereas the simple correlation <*o(‘fii(*ienf 
betwwn breaking strength and lodging was ().19(‘), the partial 
coefficient with height of plant constant was —0.270. Similarly, this 
coefficient wuis increased to —0.229 by holding dat(^ of maturity 
constant and to —0.291 by holding both height of plant and date of 
maturity c-oiistant. None of these values, however, reaches the lev(4 
of statistical significance (0.304). On the other hand, holding length 
of internode constant decreased tlie co(dIicient. 

One of the serious difficulties in evaluating the tendency of varieties 
to lodge is the very great variation in lodging from year to yi^ar and 
from place to place. It wT)uld seem, therefore, that an average for a 
number of years might be useful. Eighteen varieties w^ere growm at 
Denton in each of the 4 years, 1931-34, and 36 were grown in each 
of the 2 years, 1933 34. The correlation coefficient for average 
lodging and for average breaking strength was — 0.()26 for the 18 
varieties for the 4-year period, and —0.387 for the 36 varieties for the 
2-year period, both coefficients being statistically significant. 

Additional information is afforded by a number of varietu^s grown 
at different experiment stations, mostly midwestern, the lodging data 
for which have been supplied by the agricultural ex[)eriment stations 
of the respective States. Table 6 gives these data, together with 
lodging, breaking strength of straw, and the weight per unit length 
of culm for the same varieties grown at Denton. Since all varieties 
were not grown each year, the average lodging of each variety is 
expressed as a percentage of .the average lodging of the single variety, 
Blackhull, for the same ytmrs. Tliis places all varieties on a com¬ 
parable ^asift so far as this is possible. The correlation coelfuaeiit 
for lodging and bT-oaking strength is —0.422, which is highly significant. 



Table 6—CompnrUon of field lodging of wheat varieties growfi at sfUctul exptriment station.^ with breaking sifrcngth and weight per unit length 

of culm at iMntorif Tex 
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Table 7 presents data on lodging from the uniform variety yield 
tests of winter wheat in the Great Plains, sponsored by the United 
States Department ol Agriculture. In this ('.ase the averages for 
lodging were calculated in percentages of Kharkof, a variety common 
to all tests. The correlation cocflicient for lodging and breaking 
strength was —0.575, which is well above the 0.05 point (0.408) but 
not equal to the 0.01 point (0.590). 
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Further data are presented in table 8 for a different group of vari¬ 
eties grown at Pullman, Wash., Logan and Newton, Utah, Corvallis, 
Oreg., and New Brunswick, N. J. The averages for lodging were cal¬ 
culated in the same way as in the foregoing tests; Hybrid 128 was 
used as a standard of comparison. 
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The correlation coefficient for average lodging at these stations and 
the breaking strength of straw at Denton was —0.729, which is highly 
significant. 

These data clearly indicate that the very low coefficients for lodg¬ 
ing and breaking strength given in table 5 are in part due to the 
paucity of data, especially with respect to lodging, and that when 
lodging data for a number of years or a number of stations are com¬ 
bined relatively high coefficients may be expected. This may explain 
tlie failure of some investigators to secure a significant correlation 
between lodging and the breaking strength of straw. 

The fact that lodging is dependent on a number of factors, some at 
least varying from year to year, and that the correlation coefficients 
between loaging and breaking strength of straw increase with an 
increase in the number of years or number of stations included in the 
determinations suggests that the tnie relation between lodging and 
breaking strength of straw, as indicated by the correlation coefficients 
so far available, is underestimated. In other words, more extensive 
data than those now available, especially with reference to lodging, 
would probably provide even higher coefficients and consequently 
lead to placing greater confidence in breaking strength of straw as an 
adequate measure of tendency to lodge. Altogether, it would seem 
that there are sufficient data to support the belief that breaking- 
strength determinations can be used ^ predict lodging behavior in tlie 
field and consequently can be used in a breeding program to isolate 
strains resistant to lodging. 

INTERANNUAL AND INTERSTATION CORRELATIONS, 1931-34 
« 

Interannual correlation coefficients for lodging and for breaking 
strength have been calculated for such varieties as were grown 2 or 
more years. The correlation coefficients are given in table 9. Only 
one of the coefficients for lodging, viz, for the period from 1932-34, is 
significant, whereas all those for breaking strength of straw are sig¬ 
nificant. In other words, so far as these data show there appears to 
be only a slight tendency for varieties to lodge the same from year to 
year as contrasted with a very strong tendency for them to have the 
same relative breaking strength of straw. 



Intfimtatw coefficients of breaking strength have also been calcu^ 
plated in JbnH instances* Thus, for 15 varieties grown both at Denton, 
l^anhsttan, Kans.^ during the 3-year period 1932--34, the 
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c'orrelation coefficients for each individual year were 0.722, 0.346, and 
0.58, respectively, and for the averages for all years, 0.787. 

BREAKING STRENGTH OF STRAW AND WEIGHT PER UNIT LENGTH 

OF CULM 

BreaMne strength of straw, as may be noted in table 5, was corre¬ 
lated with height of plant and weight of grain per 100 heads and highly 
correlated with diameter of culm at the base of the plant, with weight 
of 100 culms, and with weight per unit length of culm at the base of 
the plant in each of the years in which these relations were studied. 
The chief interest lies in the possibility of substituting one of these 
determinations for breaking strength of straw as a measure of the 
tendency to lodge. The coefficients for breaking strength and weight 
per unit length of culm were especiallv high, viz, 0.956 and 0.911 for 
1933 and 1934, respectively. The relation for 1934 is illustrated in 
figure 1. 



Fiottre 1.—Breaking strength of straw and weight per unit of culin at base of plant of 129 varieties of hard 
and soft winter wheats. Denton, Tex., iWM. 

Tliese coellicifints are siilRciently liigh to suggest that weight per 
unit length of culm might safely be substituted for breaking-strength 
determinations. Such determinations would often be more conven¬ 
ient, as they do not involve the use of any special equipment, require 
less time, and in some respects may be expected to be more accurate. 
For one thing, the personal equation is involved to some extent in 
m^ng breaking strength of straw determinatioiK, as, for example, 
with respect to the speed with which the weight is lowered onto the 
straws. Errors of this sort are avoided in determinations of unit 
weight of culms. 

As shown in table 6, there are no material differences in the coefB- 
cients between lodging and breaking strength of straw on the one hand 
and lodging and weight per unit length of culm on the other. In 
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no case are they statistically significant. For the data in table 6, 
the coefficient for lodg:ing and weight per unit length of culm is 
—0.464, as compared with —0.422 for lodging and breaking strength. 
For the data in table 7, the corresponding coefficients are —0.625 and 
—0.575. For the data in table 8, the values are —0.666 and —0.729, 
respectively. For 36 varieties grown at Denton, in each of 2 years, the 
corresponding coefficients are —0.411 and —0.387. 

The interannual coefficient for weight per unit length of culm in 
1933 and 1934 is 0.586. This compares favorably with the corre¬ 
sponding coefficient (r—0.533) for breaking strength of straw for the 
same years (table 9). No data on weight per unit length of culm 
are available for other years or from other stations. 

These results indicate that the weight per unit length of culm lit 
the base of the plant is as good a measure of tendency to lodge as is 
breaking strength of straw. As akeady indicated, tliere are certain 
practical advantages in using the former. 

SUMMARY 

Varieties of winter wheat, varying in number from 18 to 129, were 
grown at the Texas Substation No. 6, Denton, Tex., in each of 4 
years, and the relation of lodging to various plant characters, including 
breaking strength of straw ancl w^eight per unit length of culm, was 
studied. Data with respect to lodging for a number of the same 
varieties grown at Manhattan, Kans., New Brunswick, N. J., Pull¬ 
man, Wash., Corvallis, Oreg., Logan and Now^ton, ITtah, Urbana, 
Ill., Bozeman, Mont., Lincoln and North Platte, Nebr., Fort Collins 
and Akron, Colo., Waseca, Minn., and Woodward and Goodwell, 
Okla., were supplied by. the agricultural experiment stations of the 
respective States, and the results were correlated with the breaking 
strength of straw and certain other characteristics of the same 
varieties as wore grown at Denton. 

Lodging was dependent on a number of factors that vary greatly 
from year to year, thus making it difficult to find any one index of 
lodging that may be considered completely reliable. A positive and 
significant though small correlation coefficient was recorded for 
lodging and length of lower intomode and for lodging and date of 
matunty in one season only of the three in which tliese relations were 
studied; likewise, a positive and significant though small correlation 
coefficient was recorded for lodging and weight of grain per 100 
heads in one season only of the two in which this relation was studied; 
and a small negative significant coefficient between lodging and weight 
per 100 culms and lodging and weight per imit length of culm in one 
season onty of the two in which these relations were studied. All 
other coefficients, including lodging and breaking strength of straw, 
were small and were not statistically significant. HoWing various 
factors constant by means of partial correlation coefficients raised 
the value of the coefficient for lodging and breaking strength of straw 
in some cases, but in no case did it reach the level of statistical 
significance. 

When the average lodging for a number of years or a number of 
stations was correlated with breaking strength of straw for the same 
varieties as were grown at Denton, the coefficients were in all cases 
significant, in most cases highly so. These results suggest that 
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Iho low coefl&cients sometimes secured for lodging and breaking 
strength of straw are due to the numerous factors that determine 
lodging in any single case, and they also suggest that failures to demon¬ 
strate a significiaut relation between lodging and breaking strength 
of straw are due in the main to lack of sufficient data with respect to 
lodging. In any event, the relation between breaking strength of 
straw and tendency to lodge appears to bo such as to justify the use 
of the former in evaluating new varieties witii respect to the tendency 
to lodge, particularly in a breeding program the purpose of wliich is 
to secure varieties resistant to lodging. 

Relative breaking strength of straw is shown to be fairly constant 
from year to year, whereas lodging is not, from which it would appear 
that determinations of breaking strength for a single season arc a 
more reliable index of tendency to lodging than is a record of lodging 
itself for a single season. 

Correlation coefficients between lodging and weight per unit length 
of culm taken near the base of the plants were as high as, or higher 
than, those between lodging and breaking strength of straw. Deter¬ 
minations of the former require no special equipment, are more 
(piickly and easily made, and in some respects are believed to be more 
accurate. It is therefore suggested that weight per unit length of 
culm near the base may be used to advantage, instead of breaking 
strength of straw^, as an index of lodging. 
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EFFECT OF (CARBON DIOXIDE S^PORAGE ON BARTLE^PT 
PEARS UNDER SIMULATED TRANSIT CONDITIONS ‘ 


Jiy Fikk (iKKHAunT, physiologist, and Boyck D. assistant horticulturist. 

Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry, 
United States Department of Agriculture 


INTRODUCTION 

Tho Bartlett is by far the most popular pear variety ^rowii in the 
United States. Its eomniereial production is confinecl largely to the 
three Pacific Coast States, whore approximately 80 percent of the total 
pear acreage is planted to this variety {16)r 

The transportation of a large porBon of this Bartlett pear tonnage 
to eastern markets should be accomplislied with little loss of storage 
capacity and dessert quality. This variety is stored and transported 
best at temperatures of 20° to 30° F. {17), but during transportation 
and market distribution it is difficult to maintain temperatures below 
40°, and tem])eratures much higher than this are likely to prevail. 
Even with precooled fruit it is not possible at present to keep the load 
(*qol enough in all parts of a refrigeiator car to prevent considerable 
ripening. When subjected to temperatures between 40° and 50°, 
Bartlett pears soon show’ a yellow' ground color, ripen ra])idly, and 
break dowm at the core. Consequently they frequently \mdergo these 
changes before reaching the consumer. 

The storage life of many fruits and vegetables may be considerably 
extended by increasing the concentration of carbon dioxide gas in the 
storage atmos[)here (/, 14). The data presented in this paper are 
based on a study of the storage and ripening behavior of Bartlett 
pears when refrigeration has been supplemented by the use of carbon 
dioxide gas. The tolerance of the fruit for this gas has been studied by 
varying the concentration, temperature, and period of exposure. 
Ditferences in degree of ripeness or firmness of the fruit under various 
storage y^ractices have been measured in t(U*ms of soluble pec’tin. The 
experimental work here reported was done at W'enatchee, W^ash., and 
represents one phas(^ of a general investigation of the handling and 
storage of the Bartlett pear that is being carried on at this station 
{6, 7, f), 10). 

REVIEW OF LITERATURE 

No attempt will be made to i>resent a thorough discussion of the 
rapidly increasing literature dealing with gas storage of fniits and 
vegetables. For such a discussion reference should bo made to the 
reviews of Brooks et al. {S'), Thornton (-^5), and Eaves (5). 

Ijow-lemperature disorders sometimes become limiting factors in the 
successful storage of apples at 32° F. {14)- Kidd and W^est {!£, 13) 
have shown that in such instances satisfactory storage life can be 
preserved at higher temperatures by reducing the oxygon and increas¬ 
ing the carbon dioxide contont of the storage air. The concentration 

1 Keceived fur publication Xlay 28, 1037; issued March, 1038. 

* Hefereuoe is made by number (italic) to liiterature Cited, p. 134. 
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of these two gases in the storage air differed according to the variety 
of fruit under observation. For maximum storage life at 40°, Brain- 
ley Seedling required 11 to 13 percent of oxygen and 8 to 10 percent of 
carbon dioxide; Cox Orange Pippin, on the other hand responded 
best to atmospheres carrying 2.5 percent of oxygen and 5 of carbon 
dioxide. 

Trout (26) studied the storage behavior of pears in atmospheres 
containing various concentrations of nitrogen and carbon dioxide at 
storage temperatures of 37.4°, 50.0°, and 64.4° F. At the two higher 
temperatures he obtained no beneficial results as compared with con¬ 
trols held in air. At 37.4° he was able to store pears successfully for 
21 days in an oxygen-free atmosphere containing less than 10 percent 
of carbon dioxide. Tliese pears ripened 6 weeks after being placed 
in storage as compared with 4 weeks for controls held in air; i. e., 
their storage life was prolonged by 50 percent. Kidd et al. (15) 
studied the storage behavior of Comice pears at 37.4° in artificial 
atmospheres ranging from 0 to 20 percent in carbon dioxide content 
and from 21 to 0.2 percent in oxygen content. Tliese authors found 
that subnormal oxygen over a range of 21 to 2 percent produced only 
a slight retardation of ripening in atmospheres devoid of carbon 
dioxide and that '^the higher the oxygen content the more sweet the 
ripened pear.’' A marked depression in the rate of ripening occurred 
when the oxygen level was lowered to 0.2 percent. Carbon dioxide 
in the presence of oxygen above 2 percent greatly retarded ripening; 
the degree of retardation varied with the concentration of carbon 
dioxide present. After storage in air at 37.i° for 84 days, Comice 
pears ripened in 8 days when removed to 50°; comparable fruit held 
in 10 percent of carbon dioxide and 6 percent of oxygen for a similar 
period ripened in 20 d^ys, while that stored in 20 percent carbon 
dioxide required 27 days to ripen properly. 

Working with Bartlett pears, Thornton {25^ p. 229) olitained little 
benefit from the use of increased concentrations of carbon dioxide, 
lie states: 

Unlike the Anjou variety, tlie freshly harvested Bartlett pear was greatly 
injured by storage for 7 days in 28 percent of carbon dioxide at all terapieratures. 
The Bartlett pears in 10 percent of carbon dioxide were similar to the controls in 
color and firmness, but they were less astringent in flavor. 

It is difficult to reconcile Thornton’s results with those of other 
wwkers (5, 15) and with those obtained in the present investigation. 

Brooks, Cooley, and Fisher {2) have shown that the carbon dioxide 
tolerance of Grimes Golden apples increased with a reduction in 
storage temperature. Flavor was unaltered by storage of the fruit 
in 100 percent of carbon dioxide for 6 days at 50° F., whereas injury 
resulted after 2 days at 86°. Magness and Diehl (W) obtained no 
appreciable effect upoh the flavor of Winesap and Delicious apples by 
storing them for 10 days at 71.6° in 20 percent of oxygen and 5 to 10 
percent of carbon dioxide; the rate of softening, however, was markedly 
retarded. Concentrations of 20-percent carbon dioxide or higher 
produced fermentative ''off flavors.” Thornton {25) has reported 
Delicious apples as being twice as tolerant as McIntosh to abnormal 
concentrations of carbon dioxide. No injury was observed in Delici¬ 
ous held for 7 days in 83-percent carbon dioxide at 32° or in 50 per- 
emt at 50°; j|fcIntosh under similar conditions withstood carbon 
dioxide epneentrations of 48 and 26 percent, respectively. Overholser 
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i^^S) found that 20 to 25 percent of carbon dioxide prevented softening 
of Fuerte avocados at 45*^ and no objectionable flavors were produced 
during or after storage. Fruit stored in concentrations of 4 to 5 per¬ 
cent of this gas at 45® could be held a month longer than the control. 

' MATERIAL AND METHODS 

Bartlett pear fruits were selected for uniformity of size and maturity 
from typical, vigorous, 27-year-old trees growing under comparable 
orchard conditions. The fruit was harvested at optimum maturity, 
as indicated for each season, washed in cold l-percent hydrochloric 
acid, wrapped in oiled paper, packed in standard 44-pound pear boxes, 
and placed immediately under experimental storage conditions. 
Fruit destined for carbon dioxide storage was placed in galvanized- 
metal chambers, 26 cubic feet in capacity, and each was fitted with a 
flanged edge and a water seal in which the cover rested. Copper 
tubes in the cover facilitated transfer and measurement of the gases. 
A small electric fan mounted inside the cabinets circulated the enclosed 
atmospliere, prevented stratification, and facilitated carbon-dioxide 
measui’cmcnts. The carbon dioxide was obtained from cylinders of 
compressed gas. Atmospheric measurements of the gas were made 
with an Orsat-Fischer gas apparatus. The carbon-dioxide concen¬ 
trations did not vary more than 2 percent during the course of any 
experiment. No attempt was made to depress the concentration of 
oxygen below that which would normally follow^ replacement during 
the addition of specified amounts of carbon dioxide. The maintenance 
of still lower oxygen concentrations appears to be impracticable 
under present commercial transit conditions; furthermore, as shown 
by Kidd et al. (f5), the beneficial results therefrom would be of little 
importance. 

Fruit destined for ripening studies was removed to 65® F. and a 
relative humidity of approximately 85 percent. Pressure tests of 
firmness were made on the pared flesh of 10 representative fruits by 
means of the Ko-inch plunger of a pressure tester developed by the 
United States Department of Agriculture. Soluble-pectin determina¬ 
tions were made on 100 g of juice after clarification and filtration 
through filter-cell. The method of precipitation and measurement 
of sohible pectin was essentially that of Carre and Haynes (4). 
Preliminary trials, in which 100 g of tissue were used as compared 
with 100 g of juice, substantiated the results reported by Haller (^), 
namely, that similar amounts of soluble pectin were obtained irre¬ 
spective of the two sampling techniques used. 

RESULTS FOR 1934 

Preliminary work, involving a study of the storage quality and 
ripening behavior of Bartlett pears as influenced by vai-ious handling 
and storage practices, was begun in 1934. The pears were harvested 
on July 26 at 15.6 pounds’ pressure. Certain lots of fruit w^ere 
subjected to conditions similar to those the fruit would have encoun¬ 
tered in transit (45® F. for 10 days), while othem were given a short 
precooling or a short exposure to carbon dioxide prior to stora|ce. 
Certain lots were held at a higher temperature (65®) m carbon dioxide 
before they were stored at 32®. Fruit from all these treatments 
was compared with fruit that had been stored immediately in air at 
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J^rossurc' test, (‘oiiditioii, iuid dossort- quality of tJu' various lots 
wore compared at intervals duriujic storage at 32° and during subse- 
(|uent ripening at 65°. IN'rtinent data are presented in tal>le 1. 

Tablk 1. —Condition and dessert quality of Bartlett pears in 1.9S4 inHuenced 
by various handling practices at harvest and by periods of storage at F. 


Handling praotioe 


Imino<liate storage at 
32® F. 


4r)° F. for 10 days, then 
32®. 


Procooled at 32® 1' for 
24 hours, 45® for 10 
days, then 32®, 

65° F. for 24 hours in 35 
percent (Xlj, 45° for 
10 days, then 32°. 


a5® F. for 10 days in 20 
[percent (''Oj, then 32®. 
65° F. for 10day.s (check) 
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4 
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5 
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4 
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j Do. 

. .. do „ 

(lOfid. 

..do 

I Kxeellent. 

(lo . _ 

' (lood. 

Scald, core break- 

! l"(H)r. 

dow n 

1 

None. 

1 Excellent 

do . .. 

1 Very gotwl 

Scald, core break- 
dow'ii. 

1 Poor 

None.. . 

j K-xcellent. 

do_ 

j (icoii. 

Smld, core break- 

1 I'oor 

tlow’n 


.None. 

! F.xctdlent 

do. 

! (lood. 

do. . 

j Fair to pwr. 

(lo 

Evotdlenl 


The dessert quality of all lots, irrespective of handlinjj practice 
was excellent when the fruit was ripened inmiediateJy after treatment 
This was still true of the different lots after a storiige period of 28 
days at 32° F. Differences in potential storage life were great at this 
time, however, as shown in table 1. Transit temperatures of 45° 
for 10 days, even when supplemented by jjrecooling or pregassing for 
24 hours, greatly stimulated the Ripening processes; precooling, 
hoTvever, was more beneficial than gas treatment. The potential 
storage life of these lots held at 45° for 10 days was decreased over 60 
percent as compared to .similar fruit stored immediately at 32°. 

Pears held in air for 10 days at 65° F. following harvest were 
“eating” ripe. Those held in 20-percent carbon dioxide under similar 
conditions were dark green and appeared comparable in color and 
firmness to those stored immediately at 32°. Subsecpient softening 
of the gas-treated fruit wsis retarded by air storage at 32°, as is sliown 
by the pressure test after 28 days’ storage at this temperature. 
Dessert quality and flavor of the ripened gas-stored fruit was good 
after 28 days at 32°;’after 69 days, although no scald or core break¬ 
down had occurred, the flavor was definitely impaired. 

Fruit held at 45° F. for 10 da.y8 at harvest and stored for 69 days 
at 32° became overripe, badly scalded, and broken down at the core 
even in cold storage; senescence was decidedly more advanced than 
in comparable lots held for 10 days at 65° in 20 percent of carlxm 
dioxide. 
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RESULTS FOR 1936 

Storage investigations were undertaken during 1985 to deternniine 
the supplenientaiy value of (*arbon dioxide in the handling of Bartlett 
pears under conditions similar to those the fruit would have en¬ 
countered in transit. Two lots of pears were held for 10 days in 20 per 
cent of the gas at temperatures of 45° and 05° F., resjjcctively. A con¬ 
trol lot for tlie fruit held at each of the above-mentioned temperatures 
and one lot that was stored immediately at 82° were used for compara¬ 
tive observations. The fruit was harvested on August 20 at 17.8 
pounds^ pressure and placed under experimental storage conditions 
^\dtliin 4 hours from the time of picking. After 10 days at the higher 
temperatures, it was ])laced at 82° and withdrawals were made at 
irregular intervals for studies on ripening, pressure test, and dessert 
quality. The data pertaining to these observations are presented in 
table 2. 


Table 2.' -/S7oraj7f* and ripening capacilg of Bnrlldt pears in lOSo as influenced 
by various handling practices at harvest and by periods of storage at 32'^ F. 


1 







.2 

1 







a- 


tfO 




Surfac«j scald 



TJarulhng praclict* 

1 

IT! 


Color and condition 


or core 

Dessert (piahty 


<U 

tL: 

« 

c 

t 

3 

t 


§ 

break-dow n 

^ c 

1 

'f' 

c- 

1“ 



< 

i /)nyi( 

Lfft< 

! 

Days 



Dau9 

1 

10 

18 1 

Dark harvest jireen. e\cel- 

8 

None .. 

Kxcellent 

G 

1 


lent 





IininetJiate .««t()rape at ( 

50 

17 J 

Dark preen, excellent . . 

6 

.do 

..lo. 

r 

32® F 1 

72 

16 3 

Lipht preen, slipht yellow. 

5 

.do .. 

Very pood. 

2 




very pood 






. 102 

16.0 

Very lipht preen, iinndi 

6 

Coro break- 

Poor. 

0 




yellow, fair 


down, no 
scald. 




f 

17 0 

l,.ipht preen, \ery pood 

6 

N one 

Ver.> pood_ 

4 

ir»° F for 10 dav.s, 

40 

1 62 

14 2 

13. 4 

.Mniost full >ellow, fair 

Full >ellow, Miiid, and 
core bieak-dow n 


Core break- 
1 dow n, no 
scald 

Po(^r _ ... 

0 

1 






0 

17. 1 

Dark harvest preen, exeel* 

None .. ] 

1 F-xcelknl. .. .. 

c 

J.'>® F for 10 (lays in I 
20 ppreent (’();, ! 
then 32®. 

40 

16. 3 

lent 

tJreen, no yellow, ver> 

ROOtl. 

Lipht preen, some jellow, 
pood. 

Siiiillar to fruit given iin- 
mediule storage at 32®. 


. ..do. . 

! Ver> pood.J 

2 

62 

16, 5 

r 

_do_ 

--do.---i 

1 

i * 


> 92 

16, 4 

6 

<^ore break¬ 

i Poor .. 

0 


down, n(» 
scald 





1 ! 


05® F. for 10 (lays in 
20 percent CO2, 
then 32®. 

{ 

17 0 

Dark preen, excellent__ 

8 None . 

FAi’ellont__ - 

6 

.0 

16 3 

Btniilar to lots delayed at 
46® for 10 days. 

-> 

do 

P’air, shpht al¬ 
coholic taste 

1 

1 62 

16.6 

Full yellow, no scald or 

r, 

.do. 

Poor, off flavor-. 

0 




core break-down. 





66® F for 10 days 
(check) 

ol 

i 


Full yellow, eatinp ripe .,, 

1 

0 

_ 

... do_ 

Excellent--- , . 

8 


Here again ‘Transit” conditions (45° F. for 10 days) greatly 
lowered the potential storage life of the fruit. Carbon dioxide storage 
at 65° for 10 days was decidedly more beneficial than air storage at 
45°. Fruit held for 10 days in 20 percent of carbon dioxide at 65° 
was in fair condition, free from scald or core break-down aiul of fairly 
edible quality (slightly alcoholic taste) after 40 days’ storage at 82°, 
while that delayed for 10 days at 45° in air was of poor dessert quality 
and showed core break-down but no surface scald after a similar period 
of storage at 32°, 
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The addition of 20 percent of carbon dioxide to the storage atmos¬ 
phere during delay at 45° F. so retarded ripening and the development 
of yellow ground color that fruit treated in tins manner compared 
favorably in dessert quality and potential storage life with similar 
fruit stored immediately at 32°. The efficiency of carbon dioxide 
storage varied with the temperature. Fruit stored in this gas at 
45° was decidedly superior to similar lots stored in gas at 65°. These 
differences were reflected in the color and condition of the fruit in 
subsequent cold storage, as shown in table 2. Carbon dioxide storage 
at 65°, however, was preferable to air storage at 45°. 

RESULTS FOR 1936 

GAS STORAGE EXPERIMENTS 

During 1936 more detailed consideration was given to certain 
problems associated with carbon dioxide storage of Bartlett pears. 
Fruit for these studies was harvested August 13 and gave a pressure 
test of 17.6 pounds; it was placed immediately under experimental 
storage conditions. It should be recognized that the greatest practical 
benems of gas treatment depend upon its use at storage temperatures 
higher than 32° F. Since transit temperatures for pears approximate 
45° more nearly than 32°, the higher temperature received major 
consideration in the following experiments. For reasons more tccli- 
nical than practical, gas-storage studies were also made at 65° in 20 
percent gas for 10 to 30 days. The tolerance of Bartlett pears to 
carbon (Uoxide at 45° was determined by varying the concentration 
of gas from 10 to 35 percent and the time from 10 to 30 days, (/heck 
lots of fruit were air-stored immediately at 32° and after various 
periods of delay at 45®. 

All the delayed lots of fruit were stored in air at 32° F. for further 
comparison of their potential storage life and dessert quality. With¬ 
drawals were made at irregular intervals and the fruit was ripened at 
65°, Data relative to the firmness, color, and condition of the various 
lots immediately after delayed storage and before subsequent storage 
at 32° are presented in table 3. 


Table 3. —Color and condition of Bartlett pears in 10S6 as influenced hy various 
handling practices at harvest and prior to storage at F. 


Handling practifM* 


Immediate storage at 32° F. 

46° F. for 10 days.. 

46° F. for 15 days_ 

46° F. for 20 days .. . . . . . 

45° F. for 30 days. 


45° F. 
45° F. 
46° F. 
45° F. 
45° F. 
45° F. 
45° P. 
45° F. 
45° F. 
45° F. 
45° P. 
46° P, 
06° F. 
65° F. 
65° F. 
65° F, 
66'F. 


for 10 days in 10 perwnt COj 
for 15 days in JO percent C^Os 
for 20 days in 10 percent COz. 
for 30 days in 10 percent COj. 
for 10 days in 20 percent ("O,. 
for 15 days in 20 i>ercent 
for 20 days in 20 percent 
tor 30 days in 20 percent 
for 10 days in 35 percent OOz- 
for 15 days in 35 percent COa. 
for 20 days in 35 i)eroent OOz- 
^ 30 days in 35 percent COz 
wr 10 days in 20 percent COz, 
for 15 days M 20 percent OOz. 
for 20 days lioo percent COz. 
for |D days in 20 percent OOz, 
for 10 days (chec k). 


Pres¬ 

sure 

test 


Ptninds 
17 6 
17.0 
7.1 
3.7 


18.0 

17.6 

15 6 

16 0 
IH.2 

17.5 

16.5 
16.8 
17 8 
17.8 

17.6 
17.6 
18.0 
12.0 

6.1 


Color and condition 


Dark harvest green, excellent 
Dark green, excellent. 

Medium to light green, some sofU’mng 
Greenish yellow to full yellow, hard ripe 
Full yellow, poor condition, severe scald, no break¬ 
down. 

Dark harvest green, eKcellont 
Medium green, excellent. 

Light green, slight yellow, good. 

Do. 

Dark harvest green, excellent. 

Do. 


Ligbt green, good. 

Dark harvest grwn, excellent. 

Do. 

Do. 

Do. 

Dark harvest grwn, good condition, slightly tough. 
Light gi^n to faint yellow, tough texture. 

Full yellow, hard ripe. 

alcoholic, severe beak-down. 
Full yellow, prime dessert qiytality. _ 
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The data in this table indicate the degree of change that may be 
anticipated during the movement of fruit to market under different 
liandlmg practices. The rate of ripening in air storage was very rapid 
at 45° F., but was greatly retarded by the addition of 10 percent of 
carbon dioxide to the storage air. At the end of 20 days the pressure 
test for the fruit stored in air was 3.7 pounds, and for that stored in 
10 percent of carbon dioxide 15.6 pounds. During storage at 45° for 
periods of 15 days or longer a greater decrease in the rate of ripening 
was brought about by the addition of 10 percent of carbon dioxide to 
the storage air than by increasing the concentration of the gas from 
10 percent to 20 percent or from 20 percent to 35 percent. The change 
in color of the fniit during storage at 45° was markedly retarded by 
increasing the concentration of gas to 20 percent; little additional 
retardation of change in color was found when the concentration was 
increased to 35 percent. 

Fruit became eating ripe after 10 days in air storage at 65° F. 
C/Oinparable lots of fruit held in 20 percent carbon dioxide for a 
similar peiiod were firm, dark green, and, so far as could be deter¬ 
mined, compared favorably with those stored immediately at 32°. 
Fruit held in gas for 20 days under similar conditions, however, was 
eating ripe and of good dessert quality. When the period of gas 
storage at 65° was extended beyond 20 days, dessert quality was 
greatly impaired. Accumulation of fermentative ^^off flavors^' was 
probanly the result of anaerobic respiration. 

After having rec'eived the v^arious preliminary treatments at harvest 
as shown in table 3, the pears were placed in storage at 32° F. Obser¬ 
vations on the condition and potential storage life of these fruits at 
this temperature were made at irregular intcrv^als thereafter. These 
dat a are summarized in table 4. 

Fruit stored immediately at 32° F. could be held for 80 days; lots 
receiving delayed storage at 45° for 10 days without gas were firm ripe 
in 38 days, while those held for 15 days under similar conditions gave 
evidence of considerable ripening after 5 days at 32°. Carbon dioxide, 
even in the smaller amount of 10 percent, greatly increased the po¬ 
tential storage life of Bartlett pears. This conclusion is substantiated 
by the data under the heading ^‘Color and condition^' in table 4. 

When fruit was delayed in 20-percent and 35-percent concentrations 
of gas at 45° F. transit temperature, it had a subsequent keeping 
(piality equal to that of fruit stored immediately at 32°; in some 
instances (35-percent gas for 30 days) it showed less change in color 
after prolonged storage at 32° than did similar fruit held continuously 
at the latter temperature, 

Bartlett pears softened very rapidly when held in air at 65° F.; 
they were eating ripe after a period of 10 days. A decided retardation 
in the rate of ripening occurred at this temperature when 20 percent 
of carbon dioxide was added to the storage atmosphere. Fruit after 
10 days in such carbon dioxide stor^e was harvest green in color and 
(*ouId be held for an additional period of 10 days at 32° without im¬ 
pairment of dessert quality. Changes associated with ripening 
increased, however, even in gas storage, when the period of delay was 
longer than 10 days at 65°. Surface scald and core break-down 
resulted when gas storage at 65° was extended to 30 days. 

Air storage at 45° F. was also detrimental to the potential storage 
life of pears. Under these conditions, changes in color and firmness 
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were greater than during gas storage at 65®. Surface scald and core 
break-down were apparent when the fruit was delayed at the transit 
temperature of 45® for 15 days or longer. Even after a 10-day period 
of delay, the potential storage life at 32® was reduced to less than 
38 days. The susceptibility of pears to surface scald and core break¬ 
down was greater in air storage at 45® than in gas storage at 65®. 

Table 4, —Color and condition of Barllell pears in 19S(> as influenced by various 
handling practices at harvest and by periods of storage at F, 


Handling practice 

tutorage 
at 22° F. 

J*res.sure 

test 


If ays 

Pounds 


( 20 

17 5 

Immediate storage at 32® F -. 

1 

10 7 

1 80 

17 1 


1 10 

15.0 

46® F. for 10 days, then 32®„- 

3H 

8 7 


1 70 

7 2 

45 ® F. for 15 days, then 32®., . 

{ 

6 2 

45® F. for 20 days, t hen 32®. ... 

28 


45® F. for 30 days, then 32° . 

18 



\ 

15 4 

46° F. for 10 days in 10 perceid 

3H 

15 0 

COa, then 32°. 

1 70 

17 0 

45° F. for 15 days in 30 percent 
COa, then 32®, 

45® F. for 20 days in 30 iK^rceiil 
('Oa, then 32®. 

45° F. for 30 days in 10 jierceut 
COa, then 32®. 

45° F. for 10 days in 20 jierccnt 

I 

33 

1 05 

/ 28 

1 00 

i IH 

1 50 

10 
38 

1 ^ 70 

15.2 
16 6 

16 0 

15 0 

11 2 
12.0 

8 . 7 
16.0 
16.8 
17.2 

COa, then 32®. 



16 6 

46° F for 15 days in 20 peicent 

1 33 

10.0 

COa, then 32°. 

1 06 

18 0 

45® F for 20 days in 20 percent 

f 28 

' 10 6 

COa, then 32®. 

1 00 

10 8 

45® F. for 30 days lu 20 percent 

/ 

10 0 

COa, then 32®. 

1 60 

17. 0 


10 0 

45° F. for 10 days in 35 percent 
C'Oa, then 32®. 

1 38 

16 7 

1 70 

17.7 


f 6 

10 J 

45° F. for 15 days in 35 jiertjent 

1 33 

10 8 

COi, then 32®. 

1 05 

17.0 

45° F. for 20 days in 35 fiercjeut 

28 

16.0 

COa, then 32®. 

i 00 

16.7 

45° F. for 30 days in 35 iierceiU 

1 18 

16 4 

COa, then 32®. 

1 60 

17 0 

65® F. for 10 days in 20 fierceut 

10 

{ 38 

1 70 

16 8 
15.0 
14.4 

COa, then 33®. 

66 ® F. for 15 days in 20 percent 


11 3 

COa, then 32®. 

i 33 

0 6 

66 ° F. for 20 days in 20 jiercent 

28 

4 0 

COa, then 32°. 



66 ° F. for 30 days in 20 jwreent 
COa, then 32®. 

65® F. for 10 days (clieck). 

18 

0 

. 



C^olor ami contliixm 


Dark preeu, excellent. 

Dark green, no yellow uol<»r, good api)cnran(*e. 
Light greon, some vellow ground color, good. 

Light green, no yellow color, vor.v good. 

Full >ellow color, firm, hard ripe 

Full yellow color, hard iipo, severe surface scald. 

Light green, consjderaMe yellow ground color. 

Full yellow, severe surface scahl and core hreak- 
down. 

Do 

Do 

fireen, no yellow coloi, ver> good. 

Do. 

Light grwn, some >ellow, good 
Light green, faint .vellow, veiy good. 

Light green, faint .yellow, good. 

Full .vellow color, fan. 

Full >ellow color, fan, no scald 

Full yellow color, some .softening, no scald. 

Do. 

Full yellow^ color, haul i ipe, no scald. 

Dark harvest green, excellent 
Dark green, excellent. 

Light green, better than fiuit given immediate 
storage at 32® F 
Dark harvest green, excellent 
I>ark green, like fruit given immediate storage at 
32® F. 

Light green, like fruit given immediate storage at 
32® F. 

(Jreen, no yellow' col(*r, very good. 

Light green, like fruit given immediate storage at 
32® F. 

Light green, .■^ome yellow color, good. 

Full v^ellow, fair condition, no scald 
Dark harvest green, excellent 
Darker green than fruit given immediate storage at 
32® F. 

Dark green, very good. 

Dark harvest green, excellent. 

Darker green than fruit given immediate storage at 
32® F. 

Dark green, very good. 

Darker green than fruit given immediate storage at 
32® F. 

Dark green, very good. 

Dark green, like fruit given immediate storage at 

Dark green, very good. 

I ight green, no yehow color, good. 

Considerable yellow color, fair. 

Almost full yellow, some softening, no scald. 
Considerable yellow color, some softening. 

Full yellow, marked softening, no scmld. 

Full yellow color, bard ripe, no scald nor break-down. 

Full yellow, soft mealy, surface scald and break¬ 
down. 

Full yellow color, prime dessert rjuality. 


The color, condition, and firmness of the unripened fruit as in¬ 
fluenced by various handling practices and periods of storage have been 
pre8ente<i^itflBome detail in the preceding discussion of the results for 
19a6. ihpening studies were also made on comparable fruit held at 
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65° F. after storage at 32°. Data pertaining to differences in ripening 
capacity and dessert quality, observed at intervals, are shown in 
table 5. ^ 

Bartlett pears stored immediately at 32° F. could be ripened witli 
very good (fessert quality after 80 days^ storage. No surface scald or 
core break-down developed. The additional period of edibility of this 
fruit after acquiring prime dessert quality decreased, however, with 
prolonged storage, from 7 to 2 days. Fruit held at 45° without carbon 
dioxide for longer than 15 days was so advanced in maturity as to be 
unfit for further storage at 32°; even that delayed for 10 days under 
these conditions was worthless after 38 days at the lower temperature. 


Table B,- liipening of BarlleAt pears in 1030 as influenced hy various handling 
practices at harvest and by periods of storage at F. 


UandlinE practice 


InuiiPdiato storage at 32® F ! 

4.*)® F for 1(» (la\s, then 32® 

45® F for 15 days, then 32® 
45® F. for 20 days, then 32® 
45® F. for 10 days in 10 per¬ 
cent COj, then 32® 

45® F foi 15 da>.s in 10 per¬ 
cent then 32® 


45" K for 20 days in lOjier- | 
cent COis then 32® '[ 

45® F fot 30days m 10 per- {i 
cent Cl)j. then 32®. \\ 

45° F for 10 day s in 20 per- 11 
cent f'(> 2 , I hen 32°. i 

45° F for 15 days in 20 per- I 
cent CO., then 32®, | 

4.5® F for 20 days in 20 per- I 
cent (^- 02 , then 32®. | 

45® F. for 30 days in 20 per- | 
cent COa, (hen 32® I 

45® F for 10 days in 35 per- ) 
cent COa, then 32®. [ 

4.5® F. for 15 days i n 35 per- j 
cent ("Os, then 32®. ^ 

45® F. for 20 days In 35 per- ) 
cent (’O 2 . then 32®. | 

45® F. for 30 days in 35 per- | 
cent COi, then ,32®. ] 

0.5° F, for 10 day.s in 20 per- 1 
(«)nt C'Oa. then 32®. | 

05® F. for 15 days in 20 pot - f 
cent ('(h, then 32® [ 

05® F for 20 days in 20 per- f 
cent C() 2 , then 32°. \ 

0.5° K, for 30 days in 20 per¬ 
cent CO 2 then 32". 

05° F. for 10 days (check) . 


Stor¬ 
age at 
32® F. 


Dauft 

20 

4S 

HO 

JO 

3K 

r, 

ii 

10 

38 

70 

r, 
33 
(>5 
0 < 
28 i 

00 I 


rju , 

10 

38 

70 

!) 

33 

05 

0 

28 

00 

18 

60 

10 

38 

70 

5 
33 
05 

0 

28 

60 

18 

.'*0 

10 

38 

70 

6 

33 

0 

3.3 

0 

0 


Kiptni- 
iriR |»e- 
riod at 
05° F 


l)Qy» 


5 
4 
4 

4 

3 

6 

5 

4 


5 

5 

5 

7 

5 

5 

5 

5 

7 

fl 

5 

6 
5 
5 
5 
5 
5 
5 
b 
5 


Surface scald or core break- 
down whcnrniened 

Dessert quality 

None .-. 

.. - . 

KxcellenI—. 

- do. 

. .do.._ — 

-. do. 

Very goo<l. 

do - _ -. 

do.- 

Core break-dow n. 

Poor . 

None. -- --- 

Fair, slightly mealy 

do ... -.. -- 

Fair, mealy. 

do . 

Excellent.. 


Very good . . ~ 

Poor to fair. 

NliEht core break-down.. . 

None - . 

Evcellent . . 

Slight core break-dow ti... 

Poor to fair . . . 

C'ore bre.ik-down . .. 

Poor. . . 

None. . 

Excellent . . . ... 

Slight core break-dowii ... 

Poor. 

Sex ere core break-down . 

- ..do — 

Siiglit core break-down . 

.. do. 

Severe core lireak-dow n . 

.do .. 

None ... 

Excellent . 

- do .. ... - _ 

Very goo<l. 

do.. 

Uood. -1 

- -do . _ - - _ 

KxcellenI .} 

do. - .... - 

Very good_ . 1 

. d<)... 

(iood . 1 

do. 

Evcellent-. 

<lo- - - - . 

.do.. - — - . 

do. _ __ 

Very good.. 

Poor, tough 

Very good . 


Core break-down.. 

Poor -- . . 

None_ ___ 

E.xccllent-.. .. . 

- do .. 

Very good .. _ 

_do... - . . -- 

(lood, tart.. 

..do__ - _ 

Excellent— .... 

...do. .. 

Very good. 

_do.. 

Uood. 

, do.- 

Excellent. 

do... .. 

Very good ... - - 

do.-. 

(iood-. 

do— .. 

Very good ... ... 

do --- - -.. 

Good.- —_ 

..do — - _ -- ... 

E.xccllent _ . 

- .do - _ 

Fair, slightly alcoholic. 

Core break-down. 

Poor . - 

None— —.. - 

Very good , . . 

f^ore break-<lown. . . 

Poor.. 

None - -- ___ 

V’erx go<ui_ 

('ore break-down -- 

I*oo*r 


Addi¬ 
tional 
l>enod 
of edi¬ 
bility 


Jiavfi 

7 
4 
2 
3 
0 
1 
2 

8 
2 
0 
8 
0 
0 
0 
0 


0 

4 

1 

2 

1 

8 

2 

1 

2 

(j 

3 

3 

2 

3 

1 

1 

3 

1 

1 

1 

1 

3 

0 

0 

1 

0 

1 

0 


0 

Id 


Severe cuie hreak-doM 11 
None -- - 


I’oor, stale, alcoholic 
K\celleiit _ .. 


0 

8 


Thci addition of 10 por(?ont of carbon dioxide to the atmosphere dur¬ 
ing delay at 45° F. prolonged the stonige life at 32°, This fact is 
shown in table 5 by a comparison of fruit so treated with the air-stored 
48331—-38-1 
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lot after 38 days' storage. Carbon dioxide at a concentration of 10 
percent during periods of delay of 15 and 20 days extended the period 
of edibility considerably in lots which were ripened either immediately 
after storage or 5 days thereafter. During i)criods of delay at 45® for 
more than 10 days, carbon dioxide at this concentration afforded little 
or no protection against core break-down in Bartlett pears destined 
for prolonged storage. 

Tne use of carbon dioxide in higher concentrations of 20 and 35 
percent, during delay at 45® P., added materially to the period of time 
during which Bartlett pears could be successfully stored and ripened. 
In dessert quality, flavor, and freedom from surface scald and core 
break-down, such fruit compared favorably with lots stored immedi¬ 
ately at 32®. No significant differences in storage or ripening capac¬ 
ity were detected between lots receiving 20 percent or 35 percent of 
the gas during delay. The only apparent difference was one of color; 
fruit in 35 percent gas was a shade greener during storage. Evidently 
20 percent of carbon dioxide was sufficient to effect the maximum 
retardation of the ripening processes at 45®. Concentrations up to 
35 percent or higher constitute a wide range that may be tolerated 
without injurious results. 

Bartlett pears delayed at 65® F. in 20 percent carbon dioxide for 
more than 10 days were unsuited for storage at low temperatures. 
However,fruit could beheld for 20 days in gas at 65® and then ripened 
immediately and still retain good dessert quality. Core break-down 
and a disagreeable, stale, sour, alcoholic taste "usually accompanied 
prolonged gas storage at 65®. The fruit subjected to gas for 10 days 
at 65® could be held for an additional period of 10 days at 32® and 
ripened with no impairment of flavor; dessert quality, however, was 
impaired after storage for 38 days. 

CHANGES IN PECTIN CONTENT OF BARTLETT PEARS 

Decided changes in physical condition occur in Bartlett pears as 
they ripen to prime dessert quality; the most pronounced of these is 
the change in firmness of the flesh. This firmness, as recorded by 
the pressure test, may decrease from* 15 to 18 pounds in unripened 
green fruit to 1 or 2 pounds in fruit that is fully ripened. Insoluble 
pectic material in cellular structure is often associated with mainte¬ 
nance of tissue rigidity. Hydrolysis of insoluble protopectin to soluble 
forms may be intimately associated with the softening of the fruit 
during normal ripening. In order to study this relationship Bartlett 
pears were harvested at optimum maturity and stored immediately 
at 32® F. for 38 days. During subsequent ripening at 65®, analyses 
for soluble pectin were made; the results are presented in table 6 and 
figure 1. 


Table 6.— Changes in soluble pectin content of Bartlett pears during ripening at 
65^ F. subsequent to storage at F. for 38 days 


(^.olor and ooiiditinn of ripeniuK fruit 


Percent 

0 0.025 Dark green, excellent storage condition 

2 ,125 liight green, very firm. 

4 .815 Full yellow, firm ripe. 

8 .460 Overripe, no tissue discolOTation. 

11 . 280 O vorripe, slight corb break-down. 

_ Jt: ___ 
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Tliat there is a significant correlation between degree of ripeness 
and production of soluble pectin is evident from table 6, which shows 
that the maximum formation of soluble pectin occurred before the 
fruit became overrixjc. The decrease of soluble pectin during senes¬ 
cence was probably caused by the more rapid hydrolysis of soluble 
pectin to pec tic acid than of protopectin to soluble pectin. The speed 
at which changes in soluble pectin occur may be noted from figure 1. 
The soluble pectin increased almost sixfold in 2 days and reached a 
maximum in 4 days, when the fruit was firm ripe. Soluble pectin 
then decreased rapidly prior to the appearance of core break-down. 



Fk.l'KF, I —Chaiipos in soluble content of Barilett pears <lurmg ripemug subsequent to sforaso at 

32° F. for 38 days. 


Since a significant correlation was found between degree of maturity 
and content of soluble pectin in Bartlett pears and since carbon dioxide 
has been shown to retard ripening, it became of physiological interest 
to study the effect of carbon dioxide storage on protopectin hydrolysis. 
Should gas storage deprt^ss the formation of soluble pectin, it would 
offer a possible explanation for the apparent efficiency of carbon 
dioxide in retarding the ripening of Bartlett pears. Data bearing on 
this subject arc given in table 7. 

The formation of soluble pectin w as arrested in fruit that w^as stored 
immediately at 32® F. and held at this temperature for 13 or for 48 
days. Ripening processes also were greatly retarded under similar 
circumstances. 


Table 7. —Soluble pectin content of Bartlett pears as influenced by various handling 
practices and by periods of storage at h\ 


JfanUling practice 


Itniuediale storage at 32° F. (check) 
45° F. for 13 days iu 20 iwrcent COa . 

45° F. for 13 days. 

Immediate storage at 32° F tcheck) „. 

45° P. for 13 days. 

45° P. for 13 days in 10 perrant OOa-. 
46° F. for 13 days in 20 iiercent C0».. 
45° F, for 13 days in 36 percent COa.. 


Storage 

Soluble 

at 32° F. 

I)ectin 

hays 

Percent 

13 

0.0230 

0 

. 0240 

0 

.31(H) 

48 

.02.60 

33 

.4720 

33 

.1000 

33 

. 01126 

33 

.0287 
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Ripening progressed during delayed storage at 45® F. for 13 days 
and soluble pectin increased more than twelvefold to a concentration 
comparable with that in fruit ripened at 65® for several days (table 6). 
The soluble pectin in lots receiving such delayed storage increased 
about 52 percent when stored at 32® for 33 days. These facts sub¬ 
stantiate practical storage observations that low temperature will not 
stop ripening in pears when once it has begun. 

Determinations of soluble pectin were not made on the gas-stored 
lots immediately after treatment, but on similar lots after 33 days^ 
storage at 32® F. From the data in table 7 it may be concluded that 
carbon dioxide definitely retarded ripening by depressing the hydro¬ 
lytic (enzymatic) processes responsible for the foimation of soluble 
pectin. I'he degree of retardation depended to some extent on the 
concentration of carbon dioxide. Gas concentrations of 20 and 35 
percent gave soluble-pectin values comparable to those in fruit stored 
immediately at 32®. Data previously presented also indicate that 
these lots were similar in storage behavior and ripening capacity. 
It appears from the data presented in tables G and 7 that the degree 
of ripening and the potential storage life in Bartlett pears may be 
measured or predicted by evaluating the soluble-pectin content of the 
juice. 

DISCUSSION 

It should be recognized that the authors do not mean to recommend 
supplanting air storage of Bartlett pears at 30® to 31® F. with storage 
in artificial atmospheres of carbon dioxide at higher temperatures. 
The former practice should remain the accepted one whenever feasible. 
However, when sufficiently low temperatures are not available, as 
during transportation, congestion during harvest, or because of lack 
of refrigerated space, gas storage could be employed to great advantage 
as a supplement to low temperature in lengthening the storage life of 
Bartlett pears. 

Magness and Ballard {18) and Magness et al. {20) have shown 
experimentally, and fruit auctions have evaluated commercially, a 
difference in the shipping and storag<i quality of Bartlett pears grown 
in various producing areas. Fruit from certain districts responds more 
readily to temperatui’c stimulus than that from other districts, i. e., 
it will ripen more rapidly during a given length of time and in trans¬ 
portation to eastern markets will be in a more advanced state of 
ripeness on arrival. The potential storage life of this fruit could be 
greatly prolonged by the addition of carbon dioxide to tlie air in the 
car dixring transit. 

From the viewpoint of commercial adaptability, it is fortunate that 
there is such a margin of safety in concentrations of CO 2 when Bart¬ 
lett pears are exposed to an artificial atmosphere of this gas. Brooks 
et al. (^), using pony refrigerators, have determined the effective 
concentrations of this gas for storing Bartlett pears during periods of 
exposure up to 3 days at temperatures of 45® to 52® F. For ^ckel 
pears these authors report no impairment of flavor or other evident 
mjury after storage for 11 days at 66® in 50 percent of carbon dioxide, 
or for 17 days at 48® in a similar atmosphere. Thornton {25) has 
reported inability to successfully store Bartlett pears, obtained from 
a local wholesale dealer, for 7 days in 28 percent of carbon dioxide at 
temperature of 32® to 50®. Because of the source of his material, 
howevei?^ i^eems probable that the fruit might have been rather ripe 
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before it was placed in ^as storage. Jf this were true it would explain 
the failure of Thornton’s results to substantiate tliose of Brooks et al. 
(tO, of Kidfl, West, and Trout {15), and of the present authors, for 
when ripening once begins in pears it is exceodinply difRcult to arrest 
it either by low temperature or by carbon dioxide storage. 

Tlie results herein reported establish for freshly harvested Bartlett 
pears a carbon dioxide tolerance that varies with storage temperature, 
concentration of carbon dioxide, length of exposure, and period of 
subsequent storage. Fruit destined for immediate consumption can 
be held at 45° F. in air for 15 to 20 days, in 10 percent gas for 20 to 
30 (lays, and in 20- and 35-percent gas for 30 days or longer; and at 
05° in air for 10 days and in 20-percent gas for 20 days. In each 
instance the fruit will ripen or may be ripened without impairment of 
flavor or dessert quality. (Jreat diflerences, however, exist in the 
potential storage life of the fruit as a result of the various treatments. 
When it is desired to hold Bartlett pears for an additional period of 
storage at 32°, following intervals of exposure at harvest to various 
temperatures, periods of delay, or concentrations of gas, it becomes 
necessary to reevaluate tlieir tolerance of these conditions. These 
investigations indicate that Bartlett pears can be held for the fol¬ 
lowing periods in storage at 32°: 10 to 20 days after liolding at 45° 
for 10 (lays; 38 to 40 days after holding at 45° in 10-percent of carbon 
dioxide for 10 days; 60 to 70 days after holding at 45° in 20-percent 
gas for 10 to 20 days; 60 to 70 days after holding at 45° in 35-percent 
gas up to 30 days; 10 to 20 days after holding at 65° in 20-percent gas 
for 10 days. It should be emphasized, however, that these gas toler¬ 
ances repre^sent maximum values and that they apply only to pears 
of best storage quality when harvested and handled under optimum 
conditions. In commercial practice, the industry would find it diffi¬ 
cult to meet these standards; therefore, the period of gas storage and 
subsexpient air storage at 32° would be proportionately less. 

Bartlett pears liave a tendency to dev^elop severe surface scald when 
improperly handled {10). In the present investigations c.arbon 
dioxide always had a marked tendency to prevent the appearance of 
surface scald in the gas-stored fruit. This tendency persisted even 
during subsequent storage at 32° F. and during ripening at 65°. A 
recent report by Kidd, West, and Trout {15) substantiates these 
observations. I^vidently carbon dioxide initiates some metabolic 
change in the fruit, following which normal ripening occurs without 
the appearance of surface scald. Acetaldehyde, as sho^vn by Harley 
and Fisher {10), is usually associated with surface scald in Bartlett 
pears. There may be an interesting relation betw^een carbon dioxide 
storage, depression of surface scald, and change in acetaldehyde con¬ 
tent; such a suggestion, however, must also recognize the ^'C 02 - 
zymasis^' work of Thomas {24), from the results of which he reports 
excessive accumulation of acetaldehyde in apples during storage in 
higher concentrations of this gas. 

While Miller and Brooks {21) indicate that carbon dioxide treat¬ 
ment has no effect on the acidity of cherries, and Miller and Dowd {22) 
find no difference in the carbohydrate transformation of gas-stored 
peas, com, and peaches, the results herein reported show that this 

§ as does to a marked degree depress protopectm hydrolysis in pears. 

uch retardation from treatment in gas concentrations of 35 percent 
at 45° F. approximates that obtained by immediate storage at 32°. 
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Retardation of protopectin hydrolysis offers an explanation of the 
manner in which carbon dioxide may arrest softening and ripening of 
pears exposed to it. Although the suggestion was made by Hill (11) 
m 1913, this is the first instance, so far as the authors know, wherein 
carbon dioxide has been shown to retard markedly the formation of 
soluble pectin in stored fruit. A definite correlation also exists in 
pears between degree of ripeness and the amount of soluble pectin 
formed. From the data presented in tables 6 and 7, it is suggested 
tliat the amount of soluble pectin in Bartlett pears may be a sig¬ 
nificant index of the potential life of that fruit. 

SUMMARY 

This paper reports the results of storage, ripening, and soluble- 
pectin studies with Bartlett pears, in which temperature, concentra¬ 
tion of carbon dioxide, and period of exposure have been varied. 

Wlien this variety was held at 45® F. for 20 days in 20 percent of car¬ 
bon dioxide or for 30 days in 35 percent of carbon dioxide its potential 
storage life was not significantly different from that of fruit stored at 
32® immediately after harvest. Freshly harvested fruit receiving 
such treatment may be subsequently stored at 32® and ripened at 05® 
without impairment of dessert quality. 

The recommendation is made that whenever freshly harvested 
Bartlett pears are to be held at transit or storage temperatures 
materially higher than 30® to 32® F., and curtailment of ripening pro¬ 
cesses is desirable, carbon dioxide in a concentration of approximately 
20 percent should be added to the storage air. 

Carbon dioxide reduced surface scald m pear fruits. 

There was a direct relation between the degree of ripeness and the 
amount of soluble pectin formed in Bartlett pears. Soluble pectin 
increased more than thii’tyfold during ripening and then decreased 
with progressive senescence. Carbon dioxide retarded ripening by 
curtailing the processes associated with hydrolysis of protopectin. 
The soluble pectin content of fruit stored at 45® F, in 35 percent of 
carbon dioxide was comparable to tiiat of fruit stored immediately 
at 32®. 

The suggestion is made that a determination of soluble pectin in 
Bartlett pears may prove to be a valuable index of the degree of ripe¬ 
ness or of the potential storage life of the fruit at any given time. 
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USE OF THE DILATOMETER IN MEASURING THE 
EXTENT OF FREEZING IN ICE CREAM AND RELATED 
PRODUCTS' 

Uv WjLKouD C. Cole - 

AsHovialr in dairn tnduHLry^ California Agricultural ExiJcrimcnl Station 
INTRODUCTION 

Altlioiigli Bcveral workers have studied the extent to which ice 
creams are frozen at various temperatures, the results reported are 
incomplete, and tht^ data are usually frag:mentaiy. The present 
study, tliou^h likewise ineomplete, is somewhat more extensive than 
previous reports in that samples of ice cream, ice milk,’^ and water 
ices (hereafter called simply '‘ices’') have been imdudeMl; in addition, 
ohseivations have been made over a wider temperature range than 
in most of the other studies and the a]>plication of the dilatometer 
for measuring tl»e extent of freezing seems to have certain advantages 
over the ])revious methods used. The results given in this report 
wer(‘ obtained for th(' j)urj)ose of an.swering recpiests for more relialde 
information (’onceniing the freezing of ice cream and related products. 

HISTORICAL REVIEW 

Various nu'thods have been used in measuring or calculating the 
amount of icc* formed at various temperatures in iceVream and related 
products. Hall observing temperature clumges caused in a given 
amount of water by adding known amounts of ice cream at various 
temperatures, was able to approximate the amounts of ice formed in 
i('e cnuiru. Zoller (//>) reported results obtained with the calorim¬ 
eter, while Leighton (//), using the results reported by Pickering (14)j 
devised a means of calculating tlie amount of ice formed on the basis 
of freezing-point determinations with mixes of known composition. 
(k)le (4) separated the solid and Ihjuid portions of ice-cream mixes at 
various temperatures either by centrifugation or by filtration under 
l>ressure, and arrived at values for the amount of ice formed over a 
limited temperature range. 

Althougli the dilatometer has been Rudely utilized, in no report 
found by the author had it been used in measuring tlie amounts of 
ice formed in frozen dairy products. The fact, however, that Foote 
and Saxton (6‘, 7, 8) had <letermined with it the amount of water 
frozen in lampblack and inorganic hydrogels, and that Bouyoucos 
(7, 2) had measure<l with it the amounts of soil juoisture frozen at 
various temperatures, suggested its use in this study. This paper 

» iieceived for puhlicaiion July 19, issm'd March. 19^. 

* Tho author i.s Indebted to Bernice Fry, v\!jo made deternunations on part of the experimental samples, 
to Dr. N. K. Edelfsen. irriRotion division, Tiunersity of California, who proposed helpful changers in the 
design of the dilaloineter and in the mauuscripl during its preparation; to Dr O. A Richanlson, dairj- 
induslry division, and Dr. O. S. Bisson, chemistry division, University of raliforuia, for reading and con¬ 
structively criticizing the manuscript; and to Dr. Max Kleiber, animal industry division, University of 
California, who did most of the gloss blowing during the construction of the dilatometer, and whose criti¬ 
cisms of the theoretical considerations in the manuscript were very helpful. 

^ Ice milk is a frozen dairy product .similar to ice cream except that its fat content is much lower. In Cali¬ 
fornia the minimum fat in‘!ce milk is 4 iiercent; in ice cream, 10 percent. 

* Reference is made by number (italic) to Literature ('‘ited. p. Jl>S, 
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reports some results obtained by measuring with a dilatometer the 
volume changes that accompany the freezing of ice cream and related 
products. 

EXPERIMENTAL METHODS 

The mixes used were prepared in accordance witli commercial 
practices. Fresh milk, cream, and condensed skim milk were used 
as the sources of milk products; sucrose and gelatin as the other in¬ 
gredients for ice cream and ice milk. No daily products were used in 
the ices; but corn su^ar was acWed along with the sucrose, and agar 
along with the gelatin. The ice mixes were heated sufficiently to 
dissolve the gelatin and agar used as stabilizers; the other samples 
were pasteurized at approximately 05® C. for 80 minutes, homogenized 
at pasteurization temperature, \ind cooled to about 5®. The ice- 
milk mixes were homogenized at 2,500 pounds pressure per S{|uare 
inch, a single-stage valve being employed. The double-stage homo- 
genizer used for the ice-cream mixes was operated at 2,000 pounds 
pressure per square inch on the first stage and 750 pounds per square 
inch on the second stage for the mixes containing about 12 percent 
of fat; 1,800 pounds pressure per square inch on the fii*st stage and 
500 pounds per square inch on the second stage fr)r the mLxes contain¬ 
ing about 18 percent of fat. The mixes were processed 1 or 2 days 
before being used in the dilatometer and were held at about 2® during 
this interim. 

Since air in the sample would influence the volume changes accom¬ 
panying freezing, the following precaution was taken before the sample 
was admitted to the dilatometer: It was placed under 25 to 2S inches 
of vacuum and heated sufficiently to start ebullition, then immediately 
cooled, the vacuum being maintained, and transferred to a weighing 
burette. This procedure did’not completely eliminate, though it did 
reduce, the air in the samples. Since it was followed uniformly, 
however, the expansion factor used for the apparatus would partly 
correct for the errors introduced by this method. 

The dilatometer used in these determinations is illustrated in 
figure 1. In making a determination compartment a was filled, to 
the mark indicated, with a portion of the sample. By opening the 
stopcock between compartments a and b and adjusting the leveling 
bulb, rf, the desired amount of sample was admitted into compart¬ 
ment 6. Then, after closing this stopcock, the weight of the sample 
in h was determined by refilling compartment a to the original mark 
from a weighing burette. Compartment a was then emptied by 
properly adjusting stopcock e. By means of the leveling bulb d and 
the three-way stopcock / the desire amount of mercury was admitted 
into capillary c, and stopcock/ was then adjusted so that any change 
in volume in compartment h was measured by change in position of 
the mercury in the capillary. 

The temperature of the sample was maintained at the desired levels 
by immersing the dilatometer in a brine bath so that the top of the 
sample in compartment h was 4 cm below the surface. The bath in 
turn was cool^ by a refrigerated ico-cream cabinet in which it was 
placed. In certain instances solid carbon dioxide was added dii^ectly 
to the bath to hasten the cooling process. The temperature of the 
cabinet was maintained below that desired in the bath, but a thermo- 
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regulator was used to operate a heating element by means of which 
the bath temperature could be maintained at any desired point over 
the range 0° to —30° C. to within ±0.01°, or closer, as a result of 
supplementing the control by manual manipulation. Uniform tem¬ 
perature throughout the bath was assured by a motor-driven stirrer. 
For the temperature measurements over the range from —30° to 
approximately —10° a mercury thermometer graduated in 0.1° was 
used. It was found to be accurate to within one division on the scale. 
Ovw the range from approximately -10° to 0° or slightly higher. 



Fiovkk (iilatumetor: n. ('fwuiwrtmpnt in whirti sample is measureii, 6, compartment In which 

sample is frozen; c, capillary tube in which the expansion is nieasiired, d, leveling bulb, t and f, three-way 
stopcocks; (T, ground-glass joint. 

Heidonhain and Beckmann thermometei*s graduated in 0.01° were 
used. 

Besides the sample of mix used in the dilatometer, other portions 
of the same mix were concentrated by evaporation under vacuum; 
and freezing-point and total-solids determinations were made on these 
as a basis of checking the results obtained in the dilatometei. With 
the ice mixes these concentrated portions were prepared by omitting 
part of the water required for the complete niixes. Although this 
second procedure was occasionally followed with ice-cream and ice- 
milk mixes, concentrated ^rtions were also prepared by evaporating 
the samples according to the first method. 

The freezing-point determinations in practically all cases were made 
with a Hortvet crvoscope. In a few instances, however, where the 
freezing points of the samples were low as a result of the mixes being 
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highly CDUcentrateil, a small portion of the sample was cooled in a 
brine bath until freezing began. Temperature readings taken at 
regular intervals were used in finding the freezing points of such 
samples. Duplicate or triplicate determinations were made in all 
eases. 

In obtaining the dilatometer data, readings wore taken at intervals 
of one-half hour or longer, and a sufficient number were taken at 
each temperature to make certain that no further changes in volume 
occurred. A constant reading was considered to indicate a state of 
equilibrium. Cooling curves did not deviate significantly from melting 
curves for the same samples. 

Each sample which had been frozen and melted was supercooled 
and refrozen to determine whether or not the expansion the second 



rei^cYf/?^ (c/Tff 


Fhujre 2.~Relation of dilatometer readnis^ with sui>erwoled sample to .mih readines after freezing. 
Sample M~7; 12.15 percent of fat, Jt8.l4 irarcant of T. S.; freezing i>oint, —2.6.')® weight in dilatometer. 
3.8664 g. 


time would differ from the first. In a few cases samples were rofrozen 
several times. For each sample reported, 30 to 50 points were care¬ 
fully determined thus in the dilatometer as a basis for constructing 
the curve from which to calculate the amount of ice foimed in the 
sample over the temperature range studied. Usually from 7 to 10 
days were required for completing the measurements for each sample. 

The basis for calculating the amount of ice formed in the sample 
under observation from the dilatometer readings is illustrated in figure 
2, which represents graphically the dilatometer data obtained with 
sample M-T. The straight dashed line drawn through the points to 
the left represents data taken before the sample had been frozen and 
after it had been melt^. Since most of these observations were made 
below the freezing point of the sample, the line is called the super¬ 
cooled Kne. The points on the curve to the right represent readings 
obtained during ^oth the freezing and the melting of the sample. 
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The horizontal distance at a given temperature from the supercooled 
line to the curve represents the linear expansion of the mercury 
capillary. This, multiplied by the factor representing the cross- 
sectional area of the capillary, gives the volumetric change that ac¬ 
companies freezing at that temperature. Then, considering the size 
of the sample and the expansion factor representing the change in 
volume that accompanies the freezing of 1 g of water, the amount of 
ice formed at a given temperature is calculated. When a sufficient 
number of such values have been taken, another graph can be con¬ 
structed as in figure 4 to represent the relation of temperature to the 
amount of ice formed. As will be shown presently, it was not difficult 
to get duplicate runs of the same mix to check in the dilatometer; 
but slight variations in the composition of mixes ]n*epared at different 
times made these ‘‘duplicates’’ more difficult to check. All analyses 
for fat and total solids were made by the IVIojonnior method and were 
run in duidicate. 

EXPERIMENTAL RESULTS 

STANJ>AKT)IZING THK APPARATUS 

To Standardize the dilatcimetor for subsecpient use wdth experi¬ 
mental sam])les, the ex])ansion factor accompanying the change of 
water into ice was determined. Water was boifed and cooled just 
before it was used for this purpose. The following expansion factors 
calculated as cubic centimeters per gram of w ater frozen w ere obtained: 
0.0945, 0.0949, 0.0944, 0.0943, 0.0946.^ 

The close agreement of these values indicates the extent to wdiich it 
w^as j>ossible to duplicate results by this method. 

As a further check on the dilatometer, a sucrose^* solution (approxi¬ 
mately 20 j)ercent.) was frozen in the apparatus. When the expansion 
factor of 0,0945, obtained w ith water, was used to calculate the amount 
of water frozen from this solution, the I'csults differed from tliosc 
calculated from International (’’ritical Tables {ISy v. 4y P- data b^^ 
about 1.3 percent. It was decided, therefore, to standardize the 
expansion factor for the dilatometer so that the results obtained with 
the sucrose solution would agree better wdth those computed from these 
data. An expansion factor of 0.0933 cubic centimeters per gram of 
water frozen gave close aigreement (fig. 3). These results are tabulated 
as a convenience in calculating the amount of ice formed by taking 
into account freezing-point data on sucrose solutions (table 1). 


Table 1.— Relalion vf temperature to the amount of water frozen from a JiO-perceni 
sucrose solution and to the concentration of sverase in the fraction remaining 
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• Three of Uiese values were obtained by the 
this study. ® Baker's analyzed C. 


author. an<i \vfo by Bernit*© Fry, who assisted w ilh part of 
P. sucrose was used in preparing this solution. 
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Since the ice cream and related products included in this study 
resemble this solution more than they do water, and since the same 
temperature range was covered in boui cases, the value of the expan¬ 
sion factor obtained wit^ the sucmse solution was used as a basis for 
calculating the values given in this paper. 

In presenting the data obtained with the experimental samples, 
the gross analyses for fat and total solids are given for each sample in 



Sucrose (percent) 

Figure 3,—Freezing-point lowering of sucrose solutions. 

addition to its freezug point. The observations with the dilatometer 
and the freezing points on various concentrated portions of the same 
sample are in most instances presented graphically. These com¬ 
parisons indicated a fairly satisfactory agreement between the two 
methods used. Especially is this true in the temperature range just 
below the original freezing points of the mixes. In some cases the 
a^eement is good at temperatures as low as —15° C., but ordinarily 
the deviation here is greater than at the higher temperatures. 

ICE-CRKAM MIXES 

Ice-cream mixes containing approximately 12 percent of fat and 38 
percent of "total solids are commonly used in making commercial ice 
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cream. In this study, measurements were made on five mixes of this 
type. Each was prepared separately, and although they were approxi¬ 
mately the same in composition, each differed slightly from the others. 

The data presented in table 2 were obtained with sample M~8 from 
duplicate runs in the dilatometer. These data are fairly representa¬ 
tive of the poim, and their close agreement indicates the precision of 
the method. The freezing-point determinations (not given in thib 
table) also checked closely with the dilatometer data. 


Table 2. —Relation of temperatvre to the amount of water frozen in sample M-8^ 
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^ Tilt* mix was found by iimil.\.sls to contain 12 33 percent of fat and 37.98 percent of total solids Its freez¬ 
ing point was —2 47® C\ For the first and secoinl determinations 4.902 ami 4.048 g, respectively, were u.sed. 


The data from two other samples in this group are presented to 
show the agreement obtainable between observations on separate 
mixes which are very similar in composition. Table 3 gives the data 
secured with samples M‘2 and M-?, the frtH'zing points of which 
were —2.58° and —2.55° C., respectively. As can be seen also by 
(‘omparing tables 2 and 3, some differences were found in the amount 
of ice formed in sample M 8 and in the two samples just mentioned. 
The differences apparent at the higher temperatures, however, .be¬ 
come less significant in the lower temperature ranges. 

Observations on other samples also indicated that samples having 
the same percentages of fat and total solids may have different 
freezing points, because of differences in the amount of soluble and 
ionizalne constituents. In these cases the higher the freezing point 
of the mix the greater the amount of ice formed at a given temperature. 

Table 3. —Relation of temperature to the amount of water frozen in ice cream samples 
M-Si and M~~7 containing approximately percent of fat and 38 percent of total 


solids 
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» Sample M -2 coutained 12.0 percent of fat and 38.05 percent of total solids, and its freexing point was 
-2.58® 0.; composition of M~7 given In legend of fig. 4. 
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The freezing-point data and the dilatonieter measurements on 
sample M-7 (ng. 4) indicate the agreement possible between the two 
types of measurements on the same sample. Freezing-point deter¬ 
minations were not made on this sample below —7® C. 

Under commercial conditions ice cream containing about 18 per¬ 
cent of fat and from 40 to 42 percent of total solids is manufactured 
and often sold as ‘^catering'^ or ‘‘caterer^s^' ice cream. Observations 
were made on four mixes similar to this in composition. They varied 



enough so that the results from one sample could not be used as a 
check on the others. Figure 5 gives the results obtained with sample 
M-12. Freezing data agree closely with those secured with the diiatom- 
eter. The original freezing point of tliis mix, however, was higher 
than that of some others in this group. One should consid(*r this fact 
before applying such data to other samples. 

ICE-MILK MIXES 

Ice milk, being comparable to low^-fat ice creams, would be expected 
to give results resembling those obtained with such products. The 
results with two samples of ice milk having approximately the same 
composition are given here to confirm the statement. Table 4 shows 
the data for samples M-3 and M~6 to agree closely. Figure 0 gives 
the relation between the freezing-point data and those obtained witli 
the dilatometer for sample M 3. Incidentally, tlie data approximate 
rather closely those given for ice-cream mix JMI-8 (table 2 ). Although 
these ice-cream and ice-milk samples differ widely in <rom])osition on 
the basis of analyses, their freezing points are —2.47® and —2.50® (\, 
respectively. Tliis fact probably explains the similarity in the results 
qbl^ined. 
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Table 4. —Helation of tem 7 )erature to the amount of water frozen in ice milk in samples 

M- 3 and M~6 
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• M-fi ('Ofitained 4.61 percent of fat and 32 99 percent of total solid.s freeziUK point was —2.60® C^. 
See legend of fit? 0 for coniposit ion of M 3. 
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Fioi’UE 6 — Itelaiion of teintwalure to iwreentage of water froren and to percentage of ice in ice cream con¬ 
taining tS«8 [HTmit of fat and 39.08 iiercent of total solids; freezing point, -2.13® C.; sample M-12. 


k:k mixes 

Most iiianufacturors of ice cream make, in atUlition, ices or sherbets, 
or both.' Sherbet mixes, however, are often made by simply add¬ 
ing ice-cream mix or other milk products to the mixes usetl in 
making ices. Tt seemed best, therefore, to obtain data for ices, since 
the results for sherbets would most likely be intermediate l>etween 
tliose for ices and ice cream. The results obtained niay not have 
general application, since considerable variation occum in the compo¬ 
sition of ices as made commercially. Sojne contain sucrose alone as 
the sweetening agent; others, comoinations of sugars, such as sucrose 
and glucose. The composition may vary in other respects also, as, for 
example, in the addition of fruits, wluch are ordinarily used for 
flavoring, ^ . 

Observations were made on four ice mixes prepared to contain 
approximately 23 percent of sucrose, 7 percent of glucose (corn sugar), 
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0.2 percent of gelatin, 0.2 percent of agar, and 0,5 percent of titratable 
acidiity, calculated as citric acid. The results for one of these samples 
are given in figure 7. They differ markedly from those obtained with 
ice cream and ice milk, in that less water is frozen at a given tempera¬ 
ture for the ices. The comparatively low freezing points of the ice 
mixes account for this difference. 



Fiouhe 6.“ Kelatloii of tcmiwrature to percentage of water frozen and to iwceatOKe of ice in ice milk I'on- 
taining 1.55 percent fut and 32.55 fierceut total solids; freezing point, -2.50° C., sample M-3. 


THEORETICAL CONSIDERATIONS CONCERNING CHANGES IN VOLUME ACCOMPANY¬ 
ING FREEZING 

The freezing process causes marked changes in concentration with 
respect to the substances in solution in the unfrozen portion of the 
sample. A given amount of solute is lyiown to change the volume of 
a solution to which it is added to an extent which in some instances 
depends upon the concentration of the solution. Conceivably such 
changes might explain part of the changes in volume measured by the 
dilatometer during freezing. . 

These changes can be evaluated by a consideration of partial molal 
volumes or partial specific volumes, or they may be calculated directly 
from adequate specific volume data. 

As a basis for understanding what changes occur during freezing let 
us start with 100 g of a 20-percent sucrose solution. Assume now that 
we remove successively from tins solution either 5-g or 10-g quantities 
of water until the remaining solution consists of 20 g of sucrose and 5 g of 
water. (See columns 1 to 3, inclusive, of table 5.) If we assume further 
that these changes occur at constant temperature, then we can calcu¬ 
late the changes in volume wliich have occurred by taking into account 
the specific volumes and weights of the solution remaining at the 
various stages in the process. 

Data for the specific volumes of sucrose solutions are not available 
over the temperature range desired, but they can be calculated for 
20 ® C. from density data as reported in the International Critical 
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Tables (13, v. 2, pp, 343-344)^ These values are given in column 4 of 
table 5. Utilizing such data, calculations were made to indicate the 
influence of concentration upon the change in volume of the solution. 
The results of these calculations are tabulated in columns 5 and 6. 

In addition, either equation (1) or (2) given below can be used as a 
basis for calculating the values in columns 5 and 6. Using equation (1) 
it is necessary to evaluate the partial specific volumes or partial molal 
volumes of both components of the system, whereas with equation (2) 
only the partial molal volume of w^ater need be evaluated. This was 



Fkjt kk 7.- -Relation of tcniii>erature to iM>rcemage of water frozen an<l to percentage of ico in water ice. 
Sample M-J6. No fat; 5 percent of total.solids; freezing point, -•3.4S® 0. 


done by (he method of intercepts as reported by Lewis and Randall 
{12, pp. 38~40), using the speciflc volume data previously mentioned. 
At any stage in the process the volume can be calculated by equation 
(1), assuming the temperature to be constant. 


Where 


V' = volume of the solution 


( 1 ) 


U, 


6 U 

— — partial molal volume of Ai 
on I 


^=*partial molal volume of A "2 
“ 5r?2 

72i—number of mols of A', (w^atcr in this case) 

^ 2 —number of mols of (sucrose in this case). 

Obviously Ti and V 2 represent partial specific volumes if and 712 
indicate grams of the respective components. The values obtained by 
this equation agree veiy closely with those reported in column 5, the 
agreement depending upon the accuracy with which the partial molal 
volumes used in these calculations can be evaluated graphically. 



Theoretically calculated changes in volume accompanying freezing of sucrose solution * 
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The following equation might also be used for these calculations: 

d\Vidn 1 +1 ^Tid'fh (2) 

where 

r/T"—change in volume of the solution 

dni and dng refer to the changes in the number of mols of water and 
sucrose, respectively 

and V 2 have the same significance as in equation (1). 

It will be recalled that as freezing progresses the amount of sucrose 
in solution remains constant even though its concentration in the 
solution increases. On this basis rfr/ 2 —O. Hence the equation for 
the particxdar case becomes 


dV — Vidrii 


-J \\dn, (3) 

Evaluating e(|uation (3) graphically gives values almost identical with 
those of column 6. 

Both equations (1) and (2) can be extended to represent more com¬ 
plex systems such, for example, as a solution containing lactose and 
possibly other dissolved sxibstances in addition to sucrose. Equation 
(2) is of st)ecial interest in this case. In its general form it may be 

written _ _ _ _ 

dV^Vidhi-rV^iilih+Vzdn^ + V^ln^ ... (4) 

If water is the only component of the system which is removed from 
solution then dn^, dn^, drii, etc., all become zero and the equation is 
again retluced to 

Ar=J^V.rf;i, 

In other words, w^e can neglect the partial molal volumes of components 
other than w’^ater if w^c know that water is the only component separat¬ 
ing from solution during the freezing process. 

If we consider that the water which is removed is converted into 
ice without changing the temperature of the system, then the volume 
of the mixture of ice and solution will be the sum of the volumes of the 
solution and ice at the original temperature. Ice w^as considered to 
have a specific volume of 1.0962 at 20® C. (This value was obtained 
by using 0.00027 as the thermal coefficient of cubic expansion for ice 
and extrapolating from 0® to 20®.) The results of these calculations 
are given in column 8 of table 5 and were obtained by adding the values 
in columns 5 and 7. 

By subtracting from the respective values in column 8 those given 
in column 5, data are obtained which may be considered to represent 
the theoretical increases in volume accompanying the formation of ice 
at constant temperature. Actually, however, the freezing process is 
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accompanied by lowering of temperature, which in turn causes <le- 
creases in volume of both ice and unfrozen solution. 

By taking data from figure 3 as a basis for deciding the changes in 
temperature necessa^ to remove from solution the required amount of 
water as ice, and noting the changes in thermal coefficient of expansion 
of ice covering this range in temperature (IS, v, 3, p, 43) y values have 
been calculated to show the decrease in volume of ice as compared 
with its volume at the original temperature. These data are given in 
column 10. Adequate data are not available for a consideration of the 
influence of temperatiire upon the volume of the solution, but by using 
data for a slightly higher temperature (0® to 20° C.) as reported by 
Karas (10) it has been possible to approximate tliese changes in volume. 
The results of these calculations are given in column 11. 

Taking into ac<*ount the values in columns 10 and 11 as a basis for 
modifying those in column 9, the net increase in volume due to the 
formation of ice is found, as shown in column 12. The expansion per 
gram of ice formed is tabulated in column 13. These values deviate 
only slightly from 0.0944 cc, which is the increase in volume per gram 
of ice formed at the initial temperature in this study. 

The foregoing calculations indicate that the volume changes a(*com- 
panying freezing are due primarily to the change in state of the water 
in sohition, that is, its separation in the form of ice. The values 
calculated theoretically also seem to justify the use of a single expan¬ 
sion factor per gram of ice formed over the temperature range con¬ 
sidered. Further justification for this assumption is to be found in the 
agreement between freezing-point data and dilatometer data obtained 
by using a single expansion factor over the temperature range employed 
in this study. 

PISCUSSION 

Attempts to measure the amount of ice formed in ice cream and 
related products are beset with difficulties, and the use of the dilatom¬ 
eter does not remove them. It does have certain advantages, how¬ 
ever, over earlier methods. In standardizing the apparatus, accurate 
freezing-point data for sucrose solutions we^jp not available for temper¬ 
atures much below —13° C., yet an attempt was made to measure the 
amount of ice formed in this work down to —25°. Obviously this 
check couW not be applied to results at the lower temperatures. The 
data obtained, however, agree with the values that would be ejected 
by extrapolating beyond the values given in the International (critical 
Tables (13, v, 4, p. 263) y as shown in figure 3. 

If the densities of water and ice are considered at 0° C., the theoreti¬ 
cal expansion factor accompanying the change of 1 g of water into ice 
would be 0.0907 cc. It is difficult to say why the expansion factor 
obtained with the dilatometer differed from the theoretical expansion 
factor for water to ice. Air in the system was possibly a contributory 
factor, since the solubility of air in ice is low as compared to its 
solubility in the solution at the same temperature. As more of the 
water from the solution was frozen, it would increase the amount of 
air set free, thereby giving an expansion factor greater than would 
otherwise be expected. By setting up a more elaborate means of 
exhausting the samples of air one could determine whether or not air 
was a contributing factor. In this connection, however, it may be 
mentioned that ^’'oote and Saxton (ff), working with inorganic hydrosols 
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under somewhat similar conditions, obtained an expansion factor of 
0.09325 cc per gram of water changed to ice, as compared with 0.0933 
cc used in this study, whereas Boiiyoiicos {2), working with soils, used 
an expansion factor of 0.10 cc per gram of water frozen. 

As already indicated, Leighton {11) has suggested a method of 
approximating the amount of ice formed in ice cream. His calcula¬ 
tions are based, among other tilings, upon the freezing-point depression 
data for sucrose solutions given by Pickering {14). The lowest tem¬ 
perature reported by this author, however, is —13.8° C. Con¬ 
ceivably such calculations might be extended to lower temperatures— 
for example, —25.0° to —15.0°~ -as a result of utilizing the data re¬ 
ported in table 1. 

It was difficult to initiate freezing while making freezing-point 
determinations on some of the samples concentrated by the evapora¬ 
tion method. This trouble was presumably caused in part by the high 
concentration of gelatin and the accompanying increase in \’iscosity of 
the sam])les. For this reason the freezing-point determinations on 
highly concentrated samples cannot be considered as reliable as those 
made on the samples before they were concentrated 

In evaluating the partial molal volumes for sucrose and water at 
various concentrations of sucrose the data used were taken at 20° C. 
No data from wliich these values can be calculated arc available for 
the temperature range in these experiments. Such data, if available, 
might perhaps make a significant difference in the calculated values 
reported in the section dealing with theoretical considerations. The 
]>artial molal volumes of the components other than sucrose and w ater 
were not considered. 

Zoller {!()) in 1921 advanced the idea that the percentages of w'ater 
frozen in a sample of ice cream at a particular temperature would not 
be equal in all cases. He states (/6*, />. ^5): 

The tein]K*rature at which the mix is drawn from the machine may be the 
same (for the same ice cream mixture) in the case of a dozen freezings and yet 
some may be soft witii 15 per cent, of the water frozen while some may be stiff 
with 40 to 50 ])er cent, of the water frozen into ice, 

Bradley and Dahle {3) have recently subscribed to tliis belief as a 
basis for explaining differences in texture of ice cream frozen in a con¬ 
tinuous (Vogt) freezer as compared with freezing in a batch freezer. 

^VJthough such differences would be expected if one or more of the 
substances dissolved were to eprstallize out of solution, it seems un¬ 
likely, under commercial conditions, that any significant differences 
would occur at a given temperature wdiile the mix in question is in the 
freezer. In the first place, vigorous agitation takes place wlule the 
sample is being frozen whether a batch or a continuous-type freezer 
is employed. In the second place, ice crystals would usually be 
present in the freezer to initiate freezing as soon as the temperature 
of the mix liad been lowered sufficiently. Although ice would not be 
present at the beginning of a day s run, it would be present at the 
beginning of each subsequent run with tlie batch freezer and contin¬ 
uously after freezing had started in the continuous freezer. As both 
these factors would tend to prevent supercooling, it miglit be expected 
that if different portions of the same mix were frozen in batch and in 
continuous freezers and withdrawn from these freezers at the same 
temperature, the percentage of water frozen would be the same in 
both cases. Conclusive proof of this statement is not available from 
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the data presented, since the conditions under which freezing occurred 
in the dilatometer were not comparable in many respects to those 
under which mixes are frozen commercially. Considerable variation 
did occur, however, in the rate of freezing of the same sample in tliis 
apparatus at different times. In such cases, when equilibrium had 
been established for a certain temperature, the same amount of ice 
formed no matter whether the freezing was accomplished rapidly or 
slowlv. 

If lactose or any other component present, other than water, were 
to crystallize out of solution in one trial and not in another, even tliough 
portions of the same mix Avere frozen, then the same percentages of ice 
would not be fonned in the two portions of this sample even if exam¬ 
ined at the same temperature. In this study, however, there was no 
indication that any other component besides water crystallized while 
tlie measurements were being made in the dilatometer, although the 
concentrations of sucrose and lactose were greater in tlie experimental 
samples than w'ould be permitted by saturated solutions at tliese low 
temperatures. A given sample refrozen several times formed pra(‘- 
tically the same percentages of ice in successive determinations 
whether the freezing or the melting curves were considered. 

The trend in commercial practice has definitely been toward fast- 
frozen ice creams. Most of tlie neiv freezers are designed to ])ermit 
rapid heat transfer. Some are so constructed that the i('o cream can be 
regularly withdrawn from the freezer at to (21.2^ to 

22.1® F.), which for a sample like M 8 would mean that 55 to 48 per¬ 
cent of the water had been frozen. The common practi(‘e, where 
batch freezers have been used, has been to draw* ice cream at from 
— 4.0® to —3.3® C. (24.8® to 26.1® F.), wdiicli wwildshow' from 36 to 
24 percent of the water frozen for the sample M-8. The advantage of 
rapidly freezing as much of the water as possible has been indicated 
previously {3, although many manufacturers still overlook the 

benefits obtainable by this practice. 

Certainly the installation of air-circulating systems in hardening 
rooms as well as blast tunnels, and the use of relatively low' tempera¬ 
tures, are desirable practices as regards the improvement of ice-cream 
texture. Even here, however, the rate of freezing is slow' as compared 
with the rate at which ice is formed in the freezer. 

The data in this paper should emphasize the differences in the 
amounts of ice formed at various temperatures. These difreren(‘.es, 
if comlated with the rate at which freezing occurs in practice, may 
help to determine the effects of such variations upon the ((uality of 
the finished products. 

SUMMARY 

The use of the dilatometer method as a basis for measuring the 
amount of ice formed in ice cream and related products has been 
described. 

By this method, measurements w^ere made on nine ice-cream, three 
ice-milk, and four water-ice samples. The results presented show' the 
percentages of water frozen in various mixes over a temperature range 
from about —25® to 0® C. 

On the basis of the observations with sucrose solutions, data are 
presented to show the relation between freezing-point lowering and 
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concentration at temperatures below that given by Pickering {H) or 
reported in the International Critical Tables {13). A suggestion is 
made as to how these additional data can be used in calculating the 
amount of ice formed in ice cream. 

The results given may serve as a basis for improving commercial 
practices in freezing such products as ice cream, since quality is influ¬ 
enced by the amount of ice frozen at certain stages of manufacture 
and distribution. 
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A METHOD FOR EXTRACTING GROWTH SUBSTANCES 
FROM PIGMENTED TISSUES ^ 

By H. G. DuBuy 2 

Assistant plarU physiologisU Maryland Agricultural Experiment Station 

That natural growth substances in green plants occur in different 
concentrations has not yet been actually proved, but there are many 
indications that such is the case. Two methods to demonstrate the 
presence and concentration of growth regulators arc in use; (1) The 
diffusion method (Stark Seubert (§), and Went {12))^ and (2) 

the extraction method (Nielsen (7), Kogl, Erxleben, and Haagen-Smit 
(5), and Thimann {11)) and others. 

The diffusion method has been used lately by many investigators 
(c. g., Avery, Burkholder, and Creighton {2) to demonstrate the 
regulator}^ effect of stem growth; Delisle, 1937, {S) in his investigation 
on leaf development, etc.). In some cases the results differ from those 
obtained by the extraction method on ^‘(‘nlorless^^ plants. The differ¬ 
ences may be accounted for by the fact that the diffusion method 
gives information only on the transport of the substances, and not 
on the actual concentration. If the transport is low, the concentra¬ 
tion may be very high, and vice versa (cf. Boding {9, p. 841)). 

The ahove-mentinned extraction methods have been used for the 
lower plants and for etiolated higher plants. AVhen green plants 
have been extracted very low concentrations have been found, or the 
curvatures were irregular, or, as many investigators have noted, the 
curvatures were positive. Avery^s extractions of Nicotiana leaves {1) 
gave only relative values, as can be seen by a comparison of his values 
with those obtained by diffusion. Jahnel (4) obtained ver\" variable 
results from extractions of potato, except in one case. 

The extraction method described below pennits a more precise 
det(»nnination of the actual amount of growth substances in pig¬ 
mented plants than is possible by the methods discussed above. 
A trial of the other methods indicated that the main trouble begins 
when chlorophyll, or, in the case of potatoes, some strongly adsorbing 
or oxidizing substance is extracted with the auxin. To obviate this 
difficulty the tissue is frozen with solid carbon dioxide. The carbon 
dioxide atmosphere prevents the activity of oxidizing agents, and the 
freezing makes the tissue very brittle an^ |)ermits a thorough grinding. 
After the grinding, an excess of slightly acidified water is added which 
thaws the tissue slowly and in the meantime dissolves the auxins, 
apparently before other substances of the extract can destroy them. 
Before the temperature has risen the mixture is filtered through a 
Buchner filter and washed out at least twdee with water at a tempera¬ 
ture of about 0® O. The filtrate is then w’^ashed three times with 
ether or chloroform. These solvents are each time separated from 

‘ Hecelvecl for publication July 28.1U37; issued March, 1838. 

^ Tile writer wishes to express his thanks to Dr. N. L. l>rake for helpful suggestions In the course of the 
work. 

3 Hcference is made by number (italic) to I.iterature Citeil, p. 157. 
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the water layer and contain most of the ^row'th substance. The 
solvent is then evaporated until about 0.1 cc is left. The evaporation 
must be done very slowly. It is even advisable to collect the ether 
or the chloroform and evaporate it again and to add the two residues 
for further treatment; without this precaution negative results are 
frequent. Two-tenths of a cubic centimeter of 2 percent or 3 percent 
agar is added. The solvent is then further evaporated. The 0.2 
cc of agar with the auxin is put into an agar divider^ (fig. 1), which 
consists of a thin plate (a), the aperture of which provid^, when 
applied to the base of the cutter, a container of 0.2-cc capacity; four 
small knives (made from safety razor blades) in holder are guided by 
a pin (b) on the vertical axis which slides in a groove. lifting the 
holder (aided by a spring) it can be turned 90° 
and so allow the pin to slide down along a 
second groove (d). The razor blades make 
second cuts in the agar perpendicular to the 
first ones. Thus the agar is divided into 2o 
equal blocks of 8 mm^, providing enough ma¬ 
terial for two series of 12 plants each, with 
practically no loss of growth substance. 

In many of the tests a strongly emulsifying 
agent passed through the filter. In those cases 
the etlier or chloroform layer w'as centrifuged 
and the jellylike inass which soi)a rated on top 
of the clear liquid and which contained some 
growth substances was added to the watery 
layer and washed out wuth it- 

An effort was made to remove the emulsify¬ 
ing afcents with lead salts, but they did not 
precipitate out. An attempt was then made 
to aasorb the emulsifying agente on active 
carbons of different quality by adding carbon to 
thew'atery solution, to the filter paper in the 
Buchner funnel before use, or to the filtrate. Jn all cases, however, 
the nontreated portion of the solution appe3,red to contain more of the 
growth regulators, which means that the growth substance was par¬ 
tially adsorbed by the carbon. Laibach and Lotz (6) state that if tneir 
procedure is precisely adhered to, the growth substance is adsorbed 
slightly or not at all on active carbon. Their table, however, shows 
about 50 percent adsorption for the first solution, if theii’ fourtli solu¬ 
tion means a solution that is diluted four times. Moreover, the chem¬ 
ical structure (polar groups) of the true auxins shows that an adsorp¬ 
tion on active agents is very likely to occur. The adsorption method 
can be applied directly to the material ground with solid carbon 
dioxide. 

Some results obtained by the method described above are given in 
table 1. Extractions by other methods of the plants mentioned in 
table 1 gave irregular results (eitlier small and variable or positive 
curvatures). 

♦ This divider was constructed for the writer by P. A. de Bouter (Utrecht), and a later one by O. Westgard 
(Cambridge, Mass.). 



Figure l .—The* agar divider: a, 
Container: 6, pin; c, vertical 
axis; d, groove. 
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Table 1.— Concentration of growth substance obtained from different plant sources 
by different methods of extraction 


S{»urf'<* of oxtravt concentratcHl m 25 apar 
blwks 1 

i 

Weight of 
material 
us«‘d 

Method of evtraction 

Curvature of 
oat .seedlings 
{ler agar block 
applied 

Wheat suH’ds, soft dough . _ . 

t> niirnatun* heads of wheat plants.. . . 
Basal imrts of wheat plants 

10 tips ol hr.vophyllum plants. 

1 tip of hry(»pnyllurn jmt agar block for 

1 hour. i 

Tissue of (HHato tuber underneath buds. 

Thallus of fucus... 

Oramn 

20 

Tt 

l.'i 

H 

Solid carbon djoxhle.. . _ 1 

__ ,-do.- - ... . .. 1 

.do .. .... . i 

do - - .. i 

DitTusion ... 

1 

Solid cartKin dioxide. 

f-- do... 

\Chloroform. 

I_do ..... 

1 Solid (iarboii dioxide. 

iSolid carbon dioxide, cariKin on filter., 
(Solid carbon dioxide, carbon in solution : 
Solid carbon dioxide. 

1 

Dtgrefn 

1 22 9=fcl 5 

I 20, l=bl « 

17 1± 2 
19 3:1:1 8 
i 17 Odrl 1 

1 

19 3dbl 7 
21 [i±2 9 

Sfxmt s<H*dljttgs.... . 

Primary leaves of oat seedlings. 

2 5 i 

i 0 

I J n Irfc 9 

1 » 28,8=1-1 9 

1 J 7 9:fcl 4 

1 ^2 

' 5 2± 5 


' TcsitMl simultun(H)ut')y 


SUMMARY 

A method for extracting growth regulators from pigmented plants is 
described. This method permits the demonstration of gi-owth sub¬ 
stances in plants that have given irregular results when extracted by 
other methods. 
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INHERITANCE OF RESISTANCE TO LOOSE AND COVERED 
SMUTS IN MARKTON OAT HYBRIDS ‘ 

By George M. Reed, curator, Brooklyn Botanic Garden, and T. R. Stanton, senior 
aaronamist, Dimsion of Cereal Crops and Diseases, Bureau of Plant Industry, 
United States Department of Agricult are 

INTRODUCTION 

Iiihcritaucc of smut resistance in oat liybrids has attracted tJie 
attention of an increasing number of investigators. The literature has 
been reviewed by Coffnmn et al. {2)'^ Reed (6*), and fTohnson (4). Since 
these reviews were published other papers have appeared by Nicolaisen 
(^), Schattenberg {9), Stanton, Coffman, and Tapke {10), Stanton, 
Reed, and CofTman {11), Reed (7, 8 ), and Austin and Robertson (/). 

The present paper is concerned with the investigation of the 
inheritance of resistance to loose smut {thtilago aven-ae^ (Pers. Jens.) 
and covered smut {TL (Kell, and Sw.) Magn.) in oat hybrids 
involving the smut-resistant Markton and five other parental varieties 
showing contrasting reactions to these smuts. 

MATERIAL AND METHODS 

Tlie strains of the varieties used in these hybrids belong to /Irena 
mtim L. and have been grown by the senior author for many years in 
connection with his investigations of the oat smuts. With the excep¬ 
tion of Markton, all these type varieties have been described by 
Etheridge {3). Information on the origin and characters of Markton 
is given in other ])ublications {2, 10, 11). The hybrids were made 
primarily for studies of the mode of inheritance of smut resistance and 
not for the development of resistant varieties for commercial produc¬ 
tion. In all hybrid combinations the female parent is named first. 
On the basis of the smut reaction of tliese varieties the different 
hybrids may be grouped as follows: 

Group 1 . —One parental variety resistant and tlio other siisrpjitiblo to both loose 
and covered smut: 

Hybrid 50, Canadian X Markton, 

Hybrid 51, Karh^ Champion X Markton. 

Hybrid 52, Markton X Early Champion. 

Hybrid 53, VictorX Markton. 

Group 2. —One panmlal variety resistant to both smuts and the other susceptible 
to loose smut but resistant to covered smut: 

Hybrid 56, Gothland X Markton. 

Group 3 .—One parental variety resistant to both smuts and the other siisceptibie 
to covered smut, but resistant to loose smut, the direct op})osite or antithesis 
of hybrid 56: 

Hybrid 60, MonarchX Markton. 

The hybrids were made in 1928 at Aberdeen, Idaho, by Clem Ault, 
under the direction of G. A. Wiebe, who at that time was assistant 
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agronomist in charge of the cooperative cereal experiments at the 
Aberdeen substation. Seed of the special strains was furnished by the 
senior author and forwarded to Aberdeen by the junior author for 
sowing. 

The Fi plants were grown at the Brooklyn Botanic Garden in 1929, 
and the F 2 , F 3 , and F 4 in subsequent years. The method of inoculation 
employed was developed by the senior author in the course of his 
investigations with the oat smuts. After the removal of the hulls, the 
caryopses were inoculated with the d^ spores of Ustilago avenae^ 
Missouri or U. Zem-Missouri as described. The seeds were germi¬ 
nated at a temperature of 20 ® C. in sand containing about 20 percent 
moisture. The seedlings usually emerged in 4 days and were large 
enough to transplant 2 to 3 days later. 

In the case of all hybrids, three series of F 3 plants were grown: 
( 1 ) Uninoculated, ( 2 ) inoculated with loose smut, and (3) inoculated 
with covered smut. Consequently, in growing the F 3 generations, 
there were three groups of progenies available: ( 1 ) Those descended 
from uninoculated F 2 plants, ( 2 ) those descended from F 2 plants 
inoculated with loose smut, and 0 ) those descended from F 2 plants 
inoculated with covered smut. 

EXPERIMENTAL DATA 

REACTION OP PARENTAL VARIETIES 

The reaction of the parental varieties to the Missouri races of loose 
smut and covered smut was determined.' During the period from 1930 
to 1934, populations of the parents were grown along with the various 
hybrid generations, and all the data for the parental varieties and data 
obtained in 1930 on the reactions of the F 2 plants are summarized in 
table 1 . 

Table 1. —Reaction to the Missouri races of loose and covered smut of inoculated 

F 2 plants of 6 oat hybrid combinations and their parental varieties grown at the 

Brooklyn Botanic Gar den ^ 19S0 * 


Group, parental variety, and hybrid 


Group 1; 

Canadian (119) 2 . 

Canadian X Markton. 

Markton (762). 

Early Champion (160). 

Early Champion X Markton _ 
Markton X Early Champion 

Victor (126). 

Victor X Markton.. 

Qrotm 2: 

Gothland (152). 

Gothland X Markton. 

Group 3: 

Monarch (161). 

Monarch X Markton. 
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319 

316 

09.1 

STS 

370 

99.2 

60 

81 

7 

8.8 

80 

26 

32.5 

---- 

681 

9 

1.3 

763 

7 

.9 


320 

200 

90.6 

314 

267 

85.0 


2 ;io 

20 

n.s 

227 

66 

29.1 

62 

76 

12 

16.0 

20 

4 

20.0 

: 

609 

488 

96.9 

690 

656 

95.1 

'53' 

182 

22 

12,1 

130 1 

30 

23.1 


672 

645 

96.0 

761 

0 

0 


170 

29 

17.1 

161 

9 

5.6 


1,079 

4 

.4 

1,078 

1,036 

96.1 


168 

2 

1.3 

246 

64 

22.0 


t All data for parental varieties for 1930-34 included. 

* Numbers in parentheses indicate special seed numbers used by G. M. Hoed to designate his particular 
experfanental strains of these varietal types, 
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The parent varieties Canadian, Early Champion, Gothland, and 
Victor gave from 90.0 to 99.1 percent infection with loose smut. 
Only 4 of 1,079 plants grown of the resistant Monarch were infected 
with Ustilago avenae, Canadian, Early ('hampion, Monarch, and 
Victor were very susceptible to covered smut, giving from 85 to 99.2 
percent infection. No smutted plants appeared in the resistant 
Gothland. 

Markton showed a very high degree of resistance to both loose and 
covered smuts. Most of the populations grown contained no smutted 
individuals. Occasionally, however, a smutted plant was observed. 
This occurred somewhat more frequently with loose smut than with 
covered smut. 

Among the plants grown from inoculated seed of Markton, a few 
were observed that were described as blasted.*^ Such plants usually 
produced infertile spikelets. When these plants were first noted, the 
sterile condition was not attributed to possible infection by the smut 
organism. The fact, however, that such types of panicles appeared 
rather commonly among the hybrids of wdiich Markton was one of 
the parents suggested that this sterility w’as really due to the infection 
of the j)lant by the smut. A study of these plants revealed the fact 
tliat various degrees of sterility appeared in the panicles. In some* 
(^ases the spikelets were mere rudiments fflg. 1 ); in others they were 
better developed and frefjuently contain(‘d a small number of sjuut 
spores (fig. 2 ), Typically smutted panicles (fig. 8 ) were observed in 
the same rows. 

This j)eculiar behavior of Markton toward the snnits must be con¬ 
sidered in tlie study of the inheritance of resistance. For the most 
part plants in which smut spores could not be readily observed were 
not counted as infected. This was especially true in the earlier 
phases of the investigation. If this type of infected plant had been 
included in recording the data, the percentage of smut in the F 2 , F 3 , 
and later generations would be somew^hat higher. 

KEACTION OF THE Fa GENERATION' 

The data obtained on the F 2 generation for all six crosses are recorded 
in table 1 . 

While Canadian has shown e([uallj^’ hi^h susceptibility to both smuts, 
in the Canadian X Markton combination (hybrid 50) a much higher 
percentage of the plants of the hybrids were infec‘.ted with covered 
smut than with loose smut. 

In hybrid 51, in which Early (^hampion was used as the female 
parent and Markton as the male, and in hybrid 52, its reciprocal, it 
will be noted from table 1 that considerably high(‘r percentages were 
obtained with covered smut than with loose smut and that there w as 
some variation in the reaction in F 2 of the populations from the initial 
and reciprocal crosses. 

In hybrid 53 , Victor X Markton. a much higher percentage of 
infection also was obtained with the covered smut, although the 
Victor parent was almost 100 percent infected with both smuts. 

» A relatively .small iwcenta^e of similar sterile plants were observed a.s early as 1923 in Fa populations of 
Markton X Idamine, Markton X Victory, etc., at the Aberdeen substation, by T. R. Stanton, F. A-f^off- 
man, and G. A. Wiebc. While no systemic examination was made at the time, it was believed that the 
blasted apfiearaneo of the plants resulted from a form of sterility probably caused by smut Infection. 
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Fiouke 1.—Budlmentajry pauidos and spikeJets occurring on Markton hybrid fi(H>-F~22d-2, showing char¬ 
acteristic sterility and no external evidence of nmut pustules. 
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Fhutre 2.~-Kudim6ntary imnlctes and spikelets oocurring on Markton hybrid 5l-F4-22:i-3» representing a 
second type of sterility with sonie smut pustules but on undersized kernels^ 
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Hjrbrid 56, Gothland X Markton, represents the second group of oat 
hybrids included in this study, in which one parent, Markton, is 
resistant to both smuts, while the other parent, Gothland, is susceptible 
to the loose smut but resistant to the covered. It is interesting to 
note that a considerable number of F 2 plants were infected by covered 
smut, although both Gothland and Markton, as shown by the data 
in table 1 , are extremely resistant. 

Hybrid 60, Monarch X Markton, represents the third group of 
hybrids, in which a variety (Markton) resistant to both smuts is 
crossed with another variety (Monarch) susceptible to the covered 
smut but resistant to the loose smut. In this combination Monarch 
was used as the female parent. The average infection for all F 2 plants 
was 22 percent for covered smut. Of the F 2 plants inociilated mth 
loose smut, 1.3 percent were unexpectedly infected. 

The behavior of hybrid 60 in the loose smut experiments is similar 
to that of hybrid 56 in the covered smut experiments. The appear¬ 
ance of plants infected with Ustilago avenae in F 2 populations of hy¬ 
brid 60, in which both parents have shown virtually 100 percent re¬ 
sistance, is of much genetic interest. In hybrid 56 the appearance of 
5.6 percent of smutted plants in the V. leiis scries with both parents 
1 OO-percent resistant is likewise unusual. 

REACTION OF THE Fj GENER.ATION 

A summary of data on the reaction of the F 3 progenies of the differ¬ 
ent hybrids is given in table 2 . The piogenies are grouped in 11 classes 
on the basis of class centem for percentages of smutted plants. On 
the basis of behavior, the Fj progenies are grouped empirically as 
resistant (no infected plants observed), segregating (50 percent infec¬ 
tion or loss), and susceptible (more than 50 percent infection). 



Distribution of F 3 progenies of hybrids between Markton and 6 varieties of oats, haszd on the percentage of plants infected with Ustilago 
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Before F 2 results are compared with those obtained for Fa it should 
be stated that, insofar as it has been possible to determine, no marked 
difference in the behavior of the F 3 progenies of hybrids 51 (Markton X 
Early Champion) and 52 (Early Champion X Markton) has been 
observed. Accordingly, the results from the two hybrids have been 
combined for study. 

In general, the chief genetic interest is found in the data for the F 2 
generation and for the first group of Fa progenies, that is, those 
descended from uninoculated F 2 plants. All three types of progenies, 
resistant, segregating, and susceptible, may be expected, since no 
susceptible F 2 plants have been eliminated. The uninoculated group 
is mainly considered in the paragraphs that follow; brief references 
also are made to the reactions of the other two groups of progenies, 
namely, those descended from F 2 plants inoculated with loose smut 
and covered smut. 

INTERPRETATION OP THE REACTION OF THE HYBRIDS TO USTILAGO AVENAE 

Hybrid 50, Canadian X Markton, —Of the 81 F 2 plants inoculated 
with Ustilago avenae, 8.6 percent were infected. In the F 3 , 56.9 
percent of the progenies descended from uninoculated F 2 plants 
contained smutted plants. The data for both the F 2 and F 3 genera¬ 
tions suggest a possible two-factor relation. If two independent 
factors for resistance are concerned, 6.25 percent of the F 2 plants 
should be infected and 56.5 percent of the F 3 progenies should contain 
smutted nlants, very few of which, however, would be classified as 
susceptible. 

Hybrids 51 and 52, Early Champion X Markton and the reciprocal ,— 
Altogether, 305 F 2 plants of the two hybrids were inoculated, of which 
38, or 12.5 percent, were infected. In all, 64.8 percent of the Fs 
progenies descended from uninoculated F 2 plants contained smutted 
individuals. These results may suggest a single-factor interpretation, 
although the number of infected F 2 plants was only half of the expecta¬ 
tion. Further, about 75 percent of the F 3 progenies would be expected 
to contain smutted plants, and approximately one-third of these 
should be highly susceptible. 

Hybrid 53, Victor X Markton, —In the F 2 generation of this cross 
12.1 percent of the plants were infected and 61.2 percent of the F 3 
progenies descended from uninoculated F 2 plants contained smutted 
individuals. These results likewise indicate a monogenic type of 
inheritance for loose smut. 

Hybrid 66, Gothland X Markton, —;Of this cross 17.1 percent of the 
F 2 plants were infected. No susceptible F 3 progenies descended from 
uninoculated, F 2 plants were recorded, although 72.6 percent of these 
progenies contained smutted individuals. The results with both the 
F 2 and Fs generations may suggest a single-factor difference, but 
the complete lack of susceptible F 3 progenies does not conform with 
this interpretation. 

Hybrid 60, Monarch X Markton, —Since both parental varieties are 
resistant to the loose smut, it is of special interest that 2 F 2 plants 
out of a total of 158 grown (1.3 percent) were infected. Further, 
out of the 28 F 3 progenies grown from uninoculated F 2 plants, 9 
contained a few infected individuals, the remaining 19 being fully 
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resistant. The results for both generations may suggest a three- 
factor difference. 

The reaction to Ustilago avenae of the other two groups of F 3 
progenies descended from F 2 plants inoculated with U. avenae and 
U. ieviSf respectively, may be briefly considered. Since the second 
group of F 3 progenies was descended from F 2 plants inoculated with 
loose smut, fully susceptible progenies would be absent unless a 
susceptible F 2 plant escaped infection. I'he reaction of the F 3 
progenies of this group is summarized in table 2 . 

Lack of space forbids the presentation of the data in sufficient detail 
to bring out possible correlations in the behavior of the different 
hybrids to both smuts, yet there is no evidence of a similarity in the 
reaction of the F 3 progenies to the two pathogens. All the data 
obtained indicate a complete independence m their behavior to either 
smut. Thus, an F 2 plant might be resistant to one of the smuts and 
resistant, heterozygous, or susceptible to the other. These facts must 
be kept fully in mind when considering the data obtained wdth the 
loose smut for the F 3 progenies (tliird group) descended from F 2 plants 
inoculated witli covered smut. A summary of the behavior of these 
progenies is given in table 2 . 

INTEHPRETATION OF THE HBACTION OF THE HVBUIDS TO USTILAGO LEVIS 

Hybrid 50j Canadian X Markton. —Of the 80 F 2 plants inoculated 
with Ustilago lerisy 32.5 percent were infected. Twenty-one F 3 
progenies descended from uninoculated F 2 plants wei'c classed as 
resistant, 30 as segregating, and I as susceptible, the latter giving 54.1 
percent infection. The data for the two generations do not agree 
very well. Results with the F 2 plants might suggest a single-factor 
difference. In this case, however, many more F 3 progenies w^ould be 
expected to contain infected plants, and approximately one-fourth of 
them should be highly susceptible. 

Hybrids 51 and 52^ Early Champion X Markton. —There were 
^rown 247 Fn plants, of which 28.3 percent became infected wdien 
inoculated with Ustilago leris. Of 72 F 3 progenies descended from 
uninoculated F 2 plants 16, were classed as resistant, 49 as segregating, 
and 7 as susceptible, the highest percentage of infection obtained 
being 88.2 percent. In these hybrids also the V> data may indicate 
a single-factor difference. The data for the F 3 generation likewise 
are in harmony with this interpretation, except that too few highly 
susceptible progenies were obtained. 

Hybrid 53, Victor X Markton. —In the F 2 generation 23.1 percent 
of tne plants became infected when inoculated with Ustilago levis. 
Of 51 F 3 progenies, descended from uninoculated F 2 plants, 19 were 
classed as resistant, 31 as segregating, and 1 as susceptible, the latter 
giving 58.3 percent infection. Results with this hybrid correspond 
rather closely with those obtained for hybrid 50. The F 2 data might 
indicate a single-factor difference. The data for the F 3 generation, 
however, are not altogether in agreement with this interpretation, as 
there are too many resistant progenies and a decided lack of highly 
susceptible ones. 

Hybrid 56, Gothland X Markton. —Since Gothland and Markton are 
both extremely resistant to covered smut, no infection among the F 2 
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plants would be expected. Actually, however, 9 out of 161, or 5.6 
percent, were smutted. In the F 3 generation descended from unin¬ 
oculated F 2 plants, 30 progenies were grown, of which 22 were classed 
as resistant and 8 as segregating, all giving a low percentage of 
infection. The results for this hybrid with covered smut are similar 
to those obtained for hybrid 60 with loose smut. 

Hybrid 60^ Monarch X Markton. —There wore 246 F 2 plants 
inoculated, of which 54, or 22 percent, were infected. Of 121 F 3 
progenies grown from uninoculated F 2 plants, 31 were classed as 
resistant, 80 as segregating, and 10 as susceptible, infection in the 
latter ranging from 50.1 to 66.6 percent. The data for both F 2 and 
F 3 generations may suggest a one-factor difference in this particular 
cross. Again, however, there is a marked shortage of sxisceptible 
F 3 progenies. 

F 3 progenies were growm from F 2 plants belonging to eacli of the 
other two groups, inoculated wdth Ustilago arenae and TJ. lerisj 
respectively. The reactions to U, levis of these F 3 progenies arc 
summarized in table 2 , 

In both smut series tliere was a marked shortage of suscei)tible 
progenies and in all hybrids there was a strong preponderance of 
resistant ones. 

Hybrid 56 ((iothland X Markton) and hybrid 60 (Monarch X 
Markton) afford a number of interesting contrasts. In hybrid 56 
one of the parents is resistant to covered smut and sus(*/eptible to 
loose smut, while in hybrid 60 the opposite relation obtains. 

The reaction of hybrid 56 to loose smut fits fairly well a simple 
factorial relation, as 17 percent of the F 2 plants were infected wiieii 
inoculated with Ustilago arejiacj and approximately 75 percent of the 
F 3 progenies contained smutted individuals that were descended from 
uninoculated F 2 plants. Among the latter, however, fully susceptible 
progenies wwe entirely lacking. In the covered smut series, 5.6 
percent of the F 2 plants w’^ere infected and a small number of Fa 
progenies contained smutted individuals. Thus, although the two 

E arents were higlily resistant, some infected individuals occurred in 
oth the F 2 and F 3 generations. Tliis may be explained on the basis 
of three factors, one introduced by one parent and two by the other. 

Hybrid 60 has shown a reverse reaction. In the covered smut 
series, 22 percent of the F 2 plants w’^ere infected, and resistant, segregat¬ 
ing, and susceptible progenies descended from uninoculated F 2 ijlants 
were observed in the F 3 generation. The results suggested a single¬ 
factor relation, although there was a shortage of susceptible progenies. 
In the loose smut series only 1,3 percent of the F 2 plants were infected, 
and a small number of F 3 progenies descen<led from uninoculated F 2 
plants contained a few' smutted individuals. 

REACTION OP THE Fi GENERATION 

A large number of F* families have been grown in the course of the 
experiments. These were descended from F 3 progenies of which the 
reaction to both loose and covered smuts was known. Most of the 
F 4 families were descended from resistant F 3 progenies. It is impos¬ 
sible to consider here all the data obtained, but some of the more 
significant results are summarized in table 3. 
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Table 3. —Summary of data on F4 progenies 0} hybrids between Markion and five 

varieties of oats 

f Ml F 4 families are descended from K 3 progenies resistant to both Ushlago tivevne and V. except as 

noted] 
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Most of the F 4 families were completely resistant. In several cases, 
however, a single plant was infected. A few families gave a somewhat 
higher percentage of infection. In the F 4 onlv two families of the 
total number grown were classified os susceptible, one of these giving 
53.3 percent and the other 100 percent infection. These were both 
in the loose smut series. It is <|uite possible that in some cases a 
retest of the F 3 progeny would show that it was actually segregating 
instead of resistant. 

DISCUSSION 

Hybrids 50, 51, 52, and 53 involve crosses in which one parent is 
susceptible to both loose and covered smuts, wiiile the other parent, 
Markton, is resistant to both. As noted above, all the data obtained 
indicate a complete independence in the reaction of these hybirds to 
loose and covered smuts. Accordingly, a progeny resistant to one 
smut may be resistant, segregating, or susceptible to the other smut. 

In all these hybirds there were low percentages ( 8.6 to 16.0) of 
¥2 plants infected with the loose smut. On the other hand, relatively 
high percentages of infection (23.1 in hybrid 53 to 32.5 in hybrid 50) 
were obtained with covered smut. 

In both series of F 3 progenies there were very few susceptible to 
either loose or covered smut, A failure to obtain susceptible progenies 
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in the groups descended from uninoculated F 2 plants probably is not 
due in any way to the methods employed, since, in the paralld series, 
the susceptible parental varieties regularly gave very high percentages 
of infection. 

The data do not fit well any definite factorial ratio for the inherit¬ 
ance of smut resistance. It may be that the inheritance of resistance 
to loose smut depends primarily on two main factors. On the other 
hand, a single-factor difference may account for the results obtained 
on the inheritance of covered smut. 

Several investigators have studied inheritance of resistance in 
hybrids in which the Markton oat has been used as one parent. 
Stanton, Reed, and Coffman {11) have reported results with Markton 
X Black Mesdag, Markton X logold, Cornelliau X Markton, and Rich¬ 
land X Markton. The F 2 and F 3 generations were inoculated with the 
same races of loose and covered smuts used in the present investiga¬ 
tions, and the same methods were employed. Markton and Black 
Mesdag proved to be very resistant to loose smut in all experiments. 
In hybrid populations resulting from crossing these varieties, however, 
one infected F 2 plant was observed, and in the F 3 generation a few 
progenies contained a small number of infected jdants. logjold and 
Richland as parents produced rather low percentages of infection with 
the loose smut, and, when crossed on Markton, a few infected F 2 
plants were observed. Several Fg progenies with smutted individuals 
also were recorded. Cornelliau is moderately susceptible to loose 
smut, and in the Fg generation of hybrids on Markton, 9 pc^rcent of 
the plants were infected. Approximately 50 percent of the K, prog¬ 
enies proved to be resistant, while the others contained infected 
indiviauals, a few being classified as susceptible. 

Schattenberg {9) studied hybrids between Markton and three 
other varieties. Ife used two distinct strains of loose smut, one of 
which produced a comparatively weak infection of the susceptible 
parental varieties and the other a more severe infection. He explains 
his data for the F 3 progenies inoculated with the less virulent strain of 
smut on the basis of a three-factor differerjpe, and the results obtained 
agree fairly well with expectations. Nevertheless, there was a short¬ 
age of susceptible progenies, with a corresponding slight excess of 
resistant ones. No clearly defined behavior was obtained with the 
other strain of smut. 

The resistance to covered smut in hybrids in which Markton is one 
of the parents has been studied by Coffman et al. {2), The Fg 
progenies of hybrids between Early Champion, Ligowa, Swedish 
Select, and Markton showed approximately one free from smut to 
three that contained infected individuals. Veiy few of these, how¬ 
ever, contained highly susceptible families. The data for hybrids 50, 
51, 52, and 53, as recorded herein, correspond rather closely with these 
results, whereas, in the hybrids of Scottish Chief, logold, Aurora, and 
Victory on Markton, about half the progenies were resistant while the 
other half contained infected individuals. The first three parental 
varieties of this second group showed comparatively low percentages 
of infection; Victory, however, proved very susceptible. Finally, in 
hybrids of Markton with Idamine and Silvermine, a larger proportion 
Of resistant progenies was observed. In comparative experiments 
higher perce^jitages of infection on an average were obtained from 
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Idamine than from vSilvermine, These varieties are closely related 
and should have shown similar behavior. 

vStanton, Reed, and Coffman {11) also recorded data on the inherit¬ 
ance of covered smut for certain hybrids involving Markton. No 
infected F 2 plants were observed in the Markton X Black Medsag 
hybrids, but in the F 3 generation infected individuals appeared in a 
few progenies. The crosses involving logold and Richland contained 
a few infected F 2 plants and also F 3 progenies with smutted individuals. 
An occasional F 2 plant of Corncllian X Markton was infected, and a 
few F 3 progenies contained smutted plants. 

All investigators of crosses involving Markton have found a great 
preponderance of resistant F 3 progenies and a corresponding lack of 
susceptible ones. In a very few cases the results miglit be accounted 
for on the basis of a single-factor difference; in others at least two or 
three independent factors are involved. 

The fact is mentioned earlier in this paper that in Markton, and 
especially in many of the F 3 plants from crosses on Markton, a blasted 
condition was observed, and apparently much of this blasting was 
due to the ])resence of the smut organism in the tissue of the plant. 
In view of this observed reaction, there perhaps might have been 
expected a much greater proportion of fully infected plants in the 
various hybrid generations. Evidently there is some factor or factors 
that prevent the full expression of susceptibility in hybrids involving 
Markton. 

Results obtained from tiiese hybrids on Markton afford an intercsi- 
ing contrast with those that have been recorded in crosses on Black 
Mesdag, a variety very resistant to the races of loose and covered 
smuts used in the present experiments. Reed (7) has recorded data 
for hybrids of Black Mesdag with a hull-less oat and witli the Early 
Champion and Silvermine varieties, all three of which are very sus¬ 
ceptible to both smuts. The data for the F 2 generations of the tliree 
hybrids indicated that resistance was dominant and that segregation 
for both smuts occurred on the basis of a 3 to 1 ratio. Furtliermore, 
the data for the F 3 progenies harmonize quite well with those obtained 
for the F 2 generation. Again, there was a marked parallelism in 
inheritance of resistance to botli smuts in the various F 3 progenies; a 
progenv resistant, segregating, or susceptible to one smut reacted 
similarly to the other smut. These results indicate that the same 
factor or closely linked factors were responsible for the resistance and 
susceptibility in these hybrids. 

Stanton, Reed, and Coffman {11) reported results with hybrids 
between Black Mesdag and Monarch Selection (of Etheridge), the 
latter susceptible to the loose smut but resistant to the covered. 
The F 2 and F 3 data indicated segregation on the basis of a 3 to 1 ratio. 

Reed {8) has studied crosses between Fulghuin and Black Mesdag 
with reference to their reaction to the Fulghum race of loose smut. 
The results obtained indicated that resistance is dominant and that 
segregation occurred on the basis of a 3 to 1 ratio, the data for the 
F 2 and F 3 generations being in harmony. 

Austin and Robertson {!) have recently reported a tw o-factor <hf- 
ference in the inheritance of resistance to covered smut in progenies 
of a Colorado No. 37 X Markton cross. Their F 2 data, how^ever, 
indicate a toee-factor relation. The data presented for the Fa 
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progenies also fit this interpretation, since 269 were fully resistant 
and 203 contained infected plants; therefore, a ratio of approximately 
37 resistant to 27 segregating and susceptible is demonstrated. Since 
the publication of their results, Austin and Robertson^ also have 
recognized the correctness of the three-factor interpretation. 

SUMMARY 

This paper presents the results obtained from five oat liybrid com¬ 
binations involving crosses between Markton and varieties that differ 
in their behavior to the Missouri races of the loose and covered smuts. 
Markton is very resistant to both smuts and the crosses are arranged 
in three groups, depending upon the reaction of the other parential 
varieties to the smuts: ( 1 ) Varieties susceptible to both smuts, 
( 2 ) a variety susceptible to the loose smut and resistant to the covered 
smut, and (3) a variety resistant to the loose smut and susceptible to 
the covered smut. 

In group 1 there wore four crosses, namely, Canadian X Markton, 
Early Champion X Markton and its reciprocal, and Victor X Mark- 
ton, Separate series of F 2 plants of these crosses were inoculated with 
Ustilago az^gna^-Missouri and 77. /c?’i^»*-Missouri, respectively. In the 
loose smut series the percentages of infection of the F 2 plants ranged 
from 8.6 to 16.0. Higher percentages of infection w'ere obtained in 
the series inoculated with covered smut, these ran^ng from 20 to 
32.5. Numerous F 3 progenies of each hybrid were inoculated with 
both loose and covered smuts. The results showed no agreement in 
the reaction of the progenies to the smuts; they reacted in a manner 
entirely independent of each other. The data for both F 2 and Fg 
generations with loose smut may suggest a two-factor difference, 
while the corresponding data for the covered smut may suggest a 
single-factor difference. Tn both series, however, there was a notice¬ 
able lack of fully susceptible progenies. 

Hybrid 56, Gotldand X Markton, represents the second type of 
cross. The F 2 plants inoculated with loose smut gave 17.1 percent 
infection; in the F 3 generation, 72.6 percent of the F 3 progenies de¬ 
scended from uninoculated F 2 plants were segregating, the others resist¬ 
ant. No completely susceptible progenies were observed. Although 
both parents were resistant to covered smut, there were a few infected 
F 3 plants and some of the F 3 progenies contained smutted individuals. 

Hybrid 60, Monarch X Markton, represents the third group. 
Although the parents were resistant to loose smut, a few F 2 plants were 
infected and smutted plants were found also among several F 3 prog¬ 
enies. In the case of the covered smut, 22 percent of the F 2 plants 
were infected and 74.4 percent of the F 3 progenies descended from 
uninoculated F 2 plants contained smutted individuals. These data 
may suggest a single-factor difference, but there is a noticeable lack 
of susceptible F 3 progenies. 

* Xietter from D. W. Robertson to T. B. Stanton, dated January 16, 1937. 
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CHROMOSOMES OF MAIZE FROM NORTH AMERICAN 

INDIANS* 

By A. K. Longley 

As&oHaie botanist, Division of Cereal Crops and Diseases, Bureau of Plant Industry, 
United States Department of Agriculture 

INTRODUCTION 

A knowledge of the morphological structure of the chromosomes of 
maize {Zea mays L.) and the closely related wild grasses should con¬ 
tribute to an understanding of the origin and distribution of this 
American cereal. 

It was thought that a canvass of the strains of maize grown by 
the American Indians in isolated localities might disclose types of 
chromosomes intermediat(‘ between those of improv<Hl varieties and the 
wild ancestors of maize. Any additions to the known fonns of maize 
chromosomes would be useful also in cytogenetic studies where there is 
now a need for visual markers to aid in the identification of parts of 
chromosomes as they pass from parent to offspring. 

Mc(Uintock (4, 6*, 7, S, 9) - and others have described the mor¬ 

phological characters j)y which each cliromosome of the set can be 
identified. The studies of these authors have been based largely on 
commercial maize or on derived genetic strains. These strains have 
be(*n separated by many generations from the maize grown by the 
Indians, and it is possible, therefore, that the studies based on them do 
not give a complete picture of the morphological characters of maize 
chromosomes. 

With the idea that the maize growri at the ])resent time by the 
Anierican Indians might have morphological features as yet unde¬ 
scribed, the author undertook to examine the chromosomes of such 
Indian strains as still are available. It is hoped, as opportunity offers, 
to extend this study, here limited to the Indian strains of the United 
States, to the maize of the Indians in Mexico, ('Central America, and 
South America. 

MATERIAL AND METHODS 

The source of material for this paper is a collection of maize from 
33 North American Indian tribes of the I'uited States. It should 
be understood that these tribes have to some extent intermingled as the 
result of their removal from their original lands to rescu’valions. 

Every effort has been made to obtain seed grown by Indians and 
free from admixture with commercial sorts, but, of course, in many 
instances there can be no certainty that such admixture has not taken 
place. 

Carmine smears were used by the writer in making pollen mother 
c^ll preparations for study. It has been found that the best stained 
slides come either from fresh material or from material that has been 

1 Hwjftlvea for publicntion July 71, 1937; issued March 1938 
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killed ia acetic-absolute alcohol (1:3) and held in absolute alcohol for 
about a day. Even under optimum conditions the chromosomes of 
some strains of maize stain with carmine less readily than do those of 
others. This difference between strains in the staining quality of 
ctoomosomes is more apparent in material stored for some time in 
absolute alcohol. 

Identification of the individual chromosomes of the plants of the 
various strains of maize included in tlxis study is based on their morpho¬ 
logical characteristics, a method that may not be infallible. However, 
to test the chromosomes of each plant or even of each strain by crossing 
with plants in which each chromosome has a well-known marker would 
have been such a long process that the writer is presenting the following 
data without this additional check. 

CHROMOSOME MORPHOLOGY 

The detailed study of the individual maize chromosomes began with 
McClintock's attempt (4) to identify each chromosome from division 
phases of the microspore. Later McClintock {6) found that the early 
prophase of the first reduction division of the pollen mother coll was 
even more favorable for morphological studies. In this and later 
studies she has shown that every chromosome of the set is mor¬ 
phologically identifiable. These chromosomes have been given num¬ 
bers from I to X beginning with the longest and ending with the short¬ 
est, and by combining cytological and genetic investigations, it has been 
possible to assign each linkage group in maize to its proper chromo¬ 
some. 

Maize chromosomes as seen in the midprophase of the first mciotic 
division of the pollen mothe,r cells are in the paired thread onndition. 
Stained with acetocarmine these 10 double tlireads are seen to differ 
in length, and each is divided into two arms by a fiber attachment 
region. In one chromosome these two arms are almost equal in length, 
but in others they are quite unequal. Knobs, when present at certain 
positions on these threads, are very useful in identifymg the individual 
chromosomes. These major morphological characters of the maize 
chromossomes are often associated vdth other minor features that help 
to identify more readily and more definitely certain chromosomes. 

The follo\^g presentation records the number and the position of 
knobs that aid materially in identifying each of the 10 chromosomes of 
maize or even fragments of them. ' 

The data from 400 or more plants studied during the past three 
seasons are much too extensive to be given in detail, so they have 
been condensed and presented in table 1. In this table are listed the 
Indian tribes from which maize was obtained and their general loca¬ 
tion. Each of the 10 chromosomes is assigned a general section, and 
each section is subdivided into columns designating types 1,2,3, and 
4. For each chromosome the number of plants without knobs is 
given in column 1, the number of plants with a knob on the short arm 
18 given in column 2, the number of plants with a knob or knobs on 
the long arm is given in column 3, and the number of plants with a 
knob on the short arm and one or more knobs on the long arm is 



Feb. 1 , 1938 Chromosomes of Maize from North American Indians 179 


given in column 4. Column 3 under the heading '^Chromosome VIIP^ 
and colunm 4 under the heading "Chromosome VI” are further sub¬ 
divided, since in the case of each of these chromosomes the long arm 
may be marked by more than one knob. The subdivision designated 
"a” ^ves the number of plants with the chromosome marked bjr a 
knob in the position nearest the end; "b”, the number of plants with 
the chromosome marked by a knob in the second position from the 
end; and "c”, the number of plants having the chromosome marked 
by a knob in the third position from the end. When knobs occur in 
more than one position on an arm, the number of plants is given under 
the combinations of ab, ac, be, or al)c, in a(‘-cordance with the positions 
occupied. 

The percentages at the foot of each of the columns under each 
(diromosome of table 1 show the frecjuency of the chromosome ty])es 



described above, in the plants included in this study. These per¬ 
centages may have little significance, however, since the number of 
])lants of a strain was often very small. 

The significance of the divisions and subdivisions under each 
chromosome of table 1 is made clearer when these divisions are ex¬ 
amined in conjunction with figure 1. This figure iiresents diagram- 
matically the variations found in the position of tlie knobs of each of 
the 10 chromosomes. It shows also the relative length of each 
(ihromosome and the position of the attachment of the spindle fiber. 

The size of any given knob on a chromosome, although constant for 
a particular strain, may vary when this knob is compared with that of 
an unrelated strain. Figure 1 shows all knobs about the same size, 
but actually the size may vary greatly. 

Neither the data of table 1 nor tne diagram of the chromosomes 
(fig. 1) differentiates between cases in which a knob is present on only 
one of the paired cliromosomes and those in which both members of 
the pair are marked. This heterozygous condition is frequently 
difficult to determine and consequently in this general survey such 
cases are treated as though both chromosomes were marked by knobs 
at this position. 
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DESCRIPTION OF CHROMOSOMES 

Any description of the cliromosomes of maize is naturally built 
around the descriptions that have been published previously. Al¬ 
though the author appreciates that his colleagues are familiar with 
many of the different types of each chromosome described in this 
article, it may be helpful to others to call attention to previously 
published drawings and diagrams of maize cliromosomes. 

Chromosome 1 has been pictured diagrammatically without knobs 
by both Burnham (1) and McClintock (?), and by the latter author it 
has been shown with a small knob terminating the short arm. Mc- 
clintock in throe piiblh ations (6*, 7, S) has shown chromosome 11 with 
a knob on the long arm. The same author (6*, 8) pic'tures diagram- 



Figuue 2—Chromosome 1 A, Type I, without knob; type 2, with knob on short arm; C\ tyi»e :t, with 
knob on loiijr aim, and />, type 4, with knobs on^mth arms X l.riOO 

matically chromosome III without knobs. Chromosome IV is shown 
diagrammatically by McClintock (8) with a knob on the long arm in 
its characteristic position. McClintock (8) pictures chromosome V 
with a knob on the long arm and Rhoades {11, 12), in his cytogenetic 
research, has used both the knobless and the knobbed typo of chromo¬ 
some V. 

Burnham {!) shows in his diagram of chromosome VI no knobs on 
its long arm, while McClintock {6, 8, 9) has pictured this chromosome 
with both one and two knobs on the long arm. Chromosome VII is 
shown in McClintock's diagrams {6, 8) with a knob on the long arm 
and with knobs on both arms. The same author {5, 8) pictures 
chromosome VIII with one knob and with two knobs, a larger and a 
smaller one, the latter nearer the end of its long arm* Chromosome IX 
has types with and without a knob terminating the short arm in the 
maize studied both by McClintock {5, 8, 9) and by Creighton and 
McClintock (2), The tenth or shortest chromosome has been shown 
diagrammatioaily without knobs by McClintock (6, 8). 
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CHROMOSOME I 

The fact that chromosome I is the longest of the maize chromosomes 
serves to distinguish it from the other chromosomes. From figures 1 
and 2 it is apparent that chromosome I is not always a long chromo¬ 
some marked only by chromomeres and the spindle fiber attachment 
but may have in addition a knob or dark staining enlargement near 
the end of the short arm and another at a position approximately one- 
fourth the length of the chromosome from the end of the long arm. 
When this chromosome 1ms a knob or knobs at one or both of those 
positions, the author has found it rather easy to identify. Frequentl}" 
this chromosome has the terminal chromomero of the short arm enlarged 



FK.ruF 3 -- JT.l, T>j>6 I, without knob: H, tyiH* 2, with knob on <})oit {irrn, C, tyiM* 3, with 

knot) on lontr aim, niul I), type i, with knolis on liotli aims X 1.60(1 

sufficiently to be a distinguishing feature, but since the enlargement 
of tliis chromomere never seems to be prominent it has not been treated 
as a knob. 

CHROMOSOME II 

Four types of chromosome II are shown in figures 1 and 3. This 
chromosome is most readily identified when it has a knob on both arms. 
The unmarked tvpe and the type with only a knob on the long arm 
maj^ be confused with the two types of chromosome V. This con¬ 
fusion disappears when the two eliromosomes are carefully scrutinized. 
Chromosome II has arms more unequal in length, and when the long 
arm is marked by a knob the knob is a little farther from the eiul 
of the cliromosome than is the case with chromosome V. 

CHROMOSOME III 

Of the long chromosomes, chromosome III is most readily identified 
because the long ann is approximately double the length of the short 
arm. The four types of this chromosome are shown in figures 1 and 4. 
When a knob is present on the long arm it is approxinmtely one-fourth 
of the length of the chromosome from the end. The knob on the short 
arm has been pictured as terminal, but in those cases in which this 
knob was reduced in size to a prominent chromomere it was the third 
cliromoraere from the end that was enlarged. 
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CHROMOSOME IV 

Chromosome IV has few morphological characteristics to distinguish 
it sharply from several of the other chromosomes, but in spite of this 
fact it has never seemed difficult to identify. Figures 1 and 5 show 
the four types of this chromosome. In those plants in which the 
short arm showed a knob, this knob was so similar to the knob on the 



Figure 4. -Chromoiiionje Iir A, Tyjie 1, without knob, n, tyr>o with knob terininfiting short arm; C 
type 3, with knob on lonn arm. and A type 4, with knobs on both arms X 1,600. 

short arm of chromosome III, both in position and in size variations, 
that for a time the author was somewhat confused, but uncertainty 
of identification was dispelled when both chromosomes III and IV, 
with knobs on the short arm, were found in the same plant and were 
distinguishable not only by the difference in position of the spindle 



fiber attachment but also by the presence of knobs on the long arms. 
The knob on this arm of chromosome III is farther from the end than 
is that on chromosome IV. 


CHROMOSOME V 

The two arms of chromosome V are nearly equal in length, and it is 
this characteristic that serves best as an identifying feature. The 
likelihood of confusing this chromosome with chromosome II has 
been discussed above. The absence of a knob on the short arm of 
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chromosomo V in any of the Indian strains included in tWs study 
leaves only two types of this chromosome to be illustrated in figures 
1 and 6. 

CHROMOSOME VI 

The so-called satellite or sixth chromosome is readily identified 
because of its attachment at prophase to the nucleolus. Figure 7 



Fkjuri. 6.-“('hromo.sorae V; A, Tyi;>e 1, without knob; B, tyjie 3, with knob on long arm. X 1,500. 

shows the eight types that the author has observed. The long arm 
of this chromosome is onl^^^ rarely seen without one or both of the 
small knobs nearest the distal end, while the knob at about the mid- 



Figure 7.—Chromosome VI: .4., Type 2, without knob on long arm; ii, type 4a, w4th knob on long arm in 
position nearest the end; <7, tyjie 4b, with knob on long arm in second position from the end; TJ, type 4c, 
with knob on long arm in third position from the end; E, tyj>e 4ab, with knobs on long arm in first and 
second positions; F, type 4ac, with knobs on long arm in first and third positions; 0, lyiie 4be, with knobs 
on long arm in second and third jiositions, and //, type 4al)C, with three knobs on long arm. X 1,500. 

point of this arm, although usually prominent, is less frequently 
present. 

CHROMOSOME VH 

McClintock described to the author a universal characteristic of 
chromosome VII that makes its identification rather simple. On the 
long arm adjacent to the spindle fitor attachment the chromosome 
is broad and stains deeply with carmine. Of the four types shown in 
figures 1 and 8 the types with a knob terminating the short arm are 
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rarely present and were found in only one of the strains given in 
table 1. 

CHROMOSOME VIII 

Chromosome VIII is distinguished most readily from the other 
chromosomes when it is marked by two knobs on the"long arm. These 
knobs are usually unequal in size and the knob nearer the end is never 



Figure 8,—Chromosome VII: Type 1, without knobs, R type 2, with knob terminatJOK short arm; 

L\ type y, with knob on long arm, and R ty[)e 4, with knobs on both arras. X 1,600. 

very prominent. Some types of chromosonie VlIl that are likely to 
be confused with chromosome VI I are distinguishable from them by 
the absence of the heavily stained region adjacent to the spindle 



Figure 9. -Chromosome VIII: A, Tyrie 1 without knob; R typo 3a, with small knob at position nearest 
the end of long arm, C, tyiie 3b, with knob at tiosition second from tho end of long arm; and />, type 
Sab, with two knobs on long arm. X 1,600. 


fiber attachment. Figure 9 shows the four types that occur in the 
strains given in table 1. 

CHROMOSOME IX 

Cytogeneticists have found chromosome IX very useful because it 
is so readily identified and because its linkage group is one of the 
best known. This chromosome ^‘stands out” from the shorter just 
as chromosome III ^^stands out” from the longer chromosomes be¬ 
cause the short arm is approximately one-half the length of the long 
arm. The knob terminating the short arm, thougli occurring in 
several sizes, is so frequently present that it almost leaves the im¬ 
pression that chromosome IX is incomplete without it. Figure 10 
shows three types of chromosome IX; the type with a knob near the 
end of the loi^ arm was found in only a few strains. 

t m 
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CHROMOSOME X 

Chromosome X, the shortest of all maize chromosomes, is shown in 
figure 11,-4. The author in a few instances has found on this chromo¬ 
some a prominent chromomere near the end of the long arm, but in 
the present discussion this enlargement has not been treated as a knob. 
In figure 11, /i, is shown an abnormal type of chromosome X, a type 
similar to that already described by the author (3) as occurring in 
both teosinte and maize. This abnormal type of the tenth chromo¬ 
some has an additional piece on the end of the long arm, approximately 



FKiTRE 10--Chromosome TX. A, Typo 1, without knob, r, type 2, with knoh termirmUnu short arm; 
and C\ type 4, u ith knobs on botli arms. X 1.500. 

the length of the short arm. In some plants this abnormal piece may 
be marked by a large knob near the end as shown in figure 11, B; in 
other plants this region may show two adjacent knobs instead of the 
one largo knob, and in still other plants there also may be a knob 
terminating the chromosome (fig. 1). In these abnormal types of 
chromosome X there are xusually one or two knoblike enlargements 
near the end of the normal part of the chromosome. Additional 
study of the tenth chromosome may show that these positions on the 



Fim'HK 11 --Cbromosonie X .1, Normal type, li, one of the abnormal t>pos X 

normal tenth chromosome have a tendency to form knobs. Nothing 
in the character of the additional piece found attached t(^ the tenth 
chromosome has suggested a solution of its origin. 

POSITION AND NUMBER OF KNOBS 

If in a single plant all positions on the chromosomes that have been 
observed to have knobs were so occupied, that plant would have 18 
knobs. This disregards the knoblike enlargement at the nucleolar 
attachment region of chromosome VI and considers only the luiobless 
type of chromosome X. Such a plant would have for its clirornosome 
complement the nine right-hand types of the nine longest chromo¬ 
somes shown in figure 1 and the normal knobless type of the tenth 
chromosome. 

Other knob-forming positions may be found, but the present 
discussion is limited to the 18 observed positions. In addition to 
being restricted to definite positions, knobs in some instances ai'o also 
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characterized by their size and shape, althoug:h in other instances the 
size of a knob differs in different maize strains. 

Considering, therefore, these 18 knob positions, it has been found 
that some plants are without knobs at any of the positions and that 
other plants may have as many as 14 of the positions marked by knobs. 
It should be comparatively easy, by means of appropriate com¬ 
binations, to produce plants with knobs at all 18 positions or to 
maintain strains without knobs. 

To visualize better the relationship between these 18 positions and 
the data presented in table 1, these data have been tabulated differently 
in table 2. The values in the 18 columns, under the 9 chromosomes 
that are marked by knobs, indicate the frequency that each position 
has been marked by a knob. A frequency of 0 percent indicates that 
no knob has been found at this position among all the plants of the 
strain; a frequency of 100 percent indicates that a knob has been found 
at this position in all plants of the strain. 

If a strain of maize were uniform all 18 positions would show a 
frequency for each position of either 0 or 100 and never an intermediate 
value. Such uniformity may be reached by prolonged pure seeding 
or selling. The author’s material was not taken from pure lines and 
frequently the data for a strain combine the data from several sub¬ 
strains that, although coming from the same Indian tribe, may have 
been received at different times and from different localities. Con¬ 
sequently similar and not identical morphological markers on the 
chromosomes were to be expected in any particular maize strain. 

Table 2. —Percentage of 'plants with knobs at each of the 18 positions on 9 of the W 
chromosomes of maize from 3S Indian tribes 


f Percentage of plants having specified chromosonie with 
knobs at indicated position 


Indian tribe from which 
maize was obtained 


Asslniboine.. 

Crow.-.. 

Sioux or Cheyenne. 

Mandan . 

Shoshone. 

Menominee__ . 

Sisseton. 

Sioux.. _ . . . 

Ponca. . . 

Potawutomi_ _ 

Sioux or Btackfeet__ 

Chippewa_ _ 

Cheyenne_ _ 

Winnebago. 

Shawnee_ 

Sac and Fox. 

Cheyenne or Arapahoe. 

Seminole. 

Five Civilized Tribes.. 

Osage.... 

Cherokee (North Carolina)- 

Pawnee. 

Mission... 

Kiowa.. 

Zuni and Tewa. 

Chwokee (Oklahoma).. 

Walapal. 

Ut©... 

Mesoalero Apache. 

Fima. 

iSTavsjo. 


1 

U 

III 

IV 

V 

Short 

Long 

Short 

Long 

Short 

Long 

Short 

I^ng 

I-K)ng 

arm 

arm 

arm 

arm 

arm 

arm 

arm 

arm 

arm 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

26 

1) 

0 

0 

0 

0 

0 

0 

0 

26 

0 

0 

U 

0 

0 

0 

0 

0 

0 

0 

. 0 

0 

0 

0 

46 

0 

0 

0 

0 

0 

0 

0 

0 

60 

0 

0 

0 

0 

0 

0 

0 

0 

100 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

18 

0 

0 

0 

0 

14 

0 

0 

0 

0 

27 

0 

0 

0 

0 

0 

0 

0 

0 

44 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

0 

0 

69 

0 

0 

0 

30 

0 

0 

0 

0 

60 

0 

0 

0 

0 

0 

0 

100 

0 

0 

0 

0 

67 

17 

0 

0 

0 

0 

0 

0 

0 

20 

0 

0 

0 

0 

0 

80 

0 

0 

20 

27 

0 

0 

0 

0 

60 

Its 

0 

0 

67 

0 

0 

0 

62 

0 

Q 

0 

80 

0 

0 

0 

0 

100 

0 

0 

0 

0 

25 

0 

0 

0 

64 

66 

0 

0 

4 

26 

0 

8 

27 

8 

41 

0 

0 

0 

100 

0 

0 

0 

100 

100 

0 

20 

60 

40 

17 

17 

0 

20 

27 

60 

0 

0 

100 

0 

0 

0 

0 

0 

0 

33 

33 

0 

0 

0 

0 

33 

33 

17 

17 

17 

17 

0 

17 

0 

17 

17 

28 

0 

88 

60 

0 

0 

0 

67 

28 

0 

0 

0 

91 

0 

58 

0 

60 

38 

60 

0 

0 

28 

44 

67 

0 

44 

76 

28 

48 

39 

78 

40 

72 

16 

68 

79 

12 

0 

70 

100 

0 

69 

0 

100 

100 

100 

43 

80 

40 

0 

100 

0 

100 

100 

100 

100 

100 

76 

0 

100 

0 

80 

100 

79 

64 

90 

92 

26 

95 

0 

98 

96 
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Table 2, —Percentage of plants with knobs at each of the 18 positions on 9 of the 10 
chromosomes of maize from 33 Indian tribes —Continued 



Percentage of plants having specified chromosome with 
knobs at indicated position 











i 

Aver- 

Indian tribe from which 


VI 


VII 

VIII 

1 

IX 

age 
num¬ 
ber of 

maize was obtained 















r 




knobs 


Long arm 



Long arm 



per 





Short 

Long 



Short 

Long 

plant 





arm 

arm 



arm 

arm 



a ‘ 

b* 

C* 




b> 




Assiniboine..J 

0 

0 

0 

0 

0 

0 

0 

75 

0 

0 75 

Crow__ -_ .| 

(I 

0 

0 

0 

0 

0 

0 

100 

0 1 

1.25 

Hioiix or Cheyenne.. 

33 

0 

0 

0 

0 

0 

10 

82 


1..50 

Mandan_ _ 

73 

0 

0 1 

0 

0 

0 

0 

73 

0 ’ 

1 91 

Shoshone.. 

]1 

22 

0 

0 

0 

0 

0 i 

KM) 

0 

1.9.3 

Menominee.. 

0 

0 

0 

0 

0 

0 

0 

100 

0 

2.00 

Sisseton_ __ 

51) 

0 

0 

0 

0 

0 

.50 

100 

0 

2 IK) 

Sioux. ----- 

7S 

0 

0 

0 

10 

0 

0 

96 

0 

2.16 

Ponca_ __ 

45 

45 

0 

0 

J7 

0 

0 

KK) 

8 

2 42 

Potawatomi-- . _ 

57 

22 

0 

0 

11 

0 

0 

89 

0 

2.33 

Sioux or Blackfeet.-. 

68 j 

16 


0 

20 

0 

0 

80 

0 

2.64 

Chipfiewa - - - - -- 

40 : 

;io 

0 

0 

0 

0 

0 

100 

0 

2.50 

Cheyenne-. 

50 

0 

0 

0 

0 

0 

0 

100 

0 

2.60 

Winnebago__ 

67 

0 

0 

0 

0 

0 

0 

100 

0 

2. .51 

Shawnee---. 

40 

40 

0 

0 

0 

0 

20 

80 

0 

2 80 

Sac and Fov. . 

i 64 

36 

14 

0 

33 

0 


87 

13 

3.44 

Cheyenne or Arapahoe - - - 

1 64 

I 0 

0 

0 

.50 

0 

54 

62 

0 

3 64 

Seminole_ _ 

75 

, 25 

0 

0 

0 

0 

0 

100 

0 

3.80 

Five Civilized Tribes. 

61 

! 45 

0 

0 

.56 

0 

20 i 

60 

0 

3.80 

Osage..... 

30 

56 

15 

0 

46 1 

0 

20 1 

97 

31 

4.08 

Cherokee (North C^irolina). 

0 

0 

0 

0 

100 1 

0 

0 

0 

0 

4.00 

Pawnee.. .. 

40 

0 

0 

0 

30 

0 

20 i 

UK) 

25 

4.16 

Mission.. . 

50 

50 

0 

0 

0 

66 

0 1 

100 

0 

4 16 

Kiowa. 

67 

33 

0 

0 

0 

0 

100 

1(K> 

0 

4.32 

Zimi and Tewa.- - 

67 

.50 

0 

0 

100 

0 

17 

83 

0 

4.36 

Cherokee (Oklahoma). 

57 

0 

0 

0 

62 

0 

86 

n 

0 1 

4 67 

Walapai. 

54 

0 

0 

0 

67 i 

0 

42 

64 i 

18 

4 82 

Vie . 

80 

20 

10 

0 

75 

66 

67 

so 

20 

7.16 

Mescalero Apache. 

56 

24 

24 

1 0 

52 

4 

70 

75 

0 

7.73 

Pima.. 

' 100 

94 

0 

53 

80 

50 

100 

KK) 

0 

10.28 

TIopi.-.. 

86 

43 

100 

0 

80 

0 

100 

78 

0 

10.50 

Pueblo - _ -.- 

100 

33 

.^3 

0 

100 

0 

100 

100 

33 

11. .54 

Navajo.- ... 

81 

1 

74 

40 

0 

1 98 

42 

98 

91 

37 

11.91 


1 Knob position nearest the end. 

» Knob position second from the end, 
3 Knob position third from the end. 


The average number of positions marked by knobs in a given strain 
is shown in the last column of table 2. Several methods were tried 
to derive a satisfactory average for the number of knobs per chromo¬ 
some per plant and per strain. If the author had been able to make 
a drawing of every chromosome of all plants the total number of knobs 
on the lb chromosomes of each plant of a strain could have been 
averaged, but to drop out all plants of a strain that did not have a 
drawing of every chromosome was unsatisfactory because in so many 
instances those plants with a drawing of all 10 cliromosomes were the 
plants with the fewer knobs on the chromosomes. Consequently an 
attempt was made to devise a method that would combine the com¬ 
plete data from some plants with the fragmentary data from others. 

A fairer method that would use data from all plants whether com¬ 
plete or fragmentary seemed to be to consider each knob position 
separately, as in table 2. This method takes into account each 
knob position on each chromosome, and when a particular knob 
position on a cliromosome is marked by a knob in all plants of a strain 
the knob frequency is 100 percent for this position, while if this 
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position is never marked by a knob the frequency is 0. In many 
instances part of the plants of a strain have a knob at a certain 
position and part are knobless, thus giving a knob frequency inter¬ 
mediate between 0 and 100 percent. The sum of the knob frequency 
of all 18 positions thus determined independently is taken as the 
average frequency of knobs for a strain. 

Averaging the number of knobs on the chromosomes of a strain 
should be restricted, of course, to those strains in which the number 
of knobs on the chromosomes of the individual plants have a random 
distribution about their mean. The number of plants studied from a 
strain was frequently too meager to test such a distribution. In a 
few strains, however, it was evident that certain substrains should 
not be combined. The data from such strains that have been aver¬ 
aged in table 2 have also been subdivided and presented in table 3. 


Table 3. — Percentage of plants with knohs at each of the 18 positions on of the 
10 chromosomes of maize from four Indian strains 


Percentfipe of planfs having sixiciflod chromosome with knobs at indicated 
position 


Indian tribe from wdiich 


1 



11 



HI 



IV 


V 

niRire was oidained 














- 



Short 

Long 


Short 

Long 

Short 

Long 

Short 

Long 

Long 


arm 

arm 


arm 

arm 

arm 

arm 


artn 

arm 

■ 

arm 

Uto... 

0 

0 


0 


0. 


0 


0 


0 

0 

0 

Pawnee. 

0 

< 

1 

50 


25 


0 


0 


0 

0 

0 

Mescalero Apache- 

0 

0 


0 


0 


0 


0 


0 

0 

0 

Zuni and Tewa. 

0 

0 


0 


0 


0 


0 


0 

0 

0 

Mescaiero Apache . * __ 

(i 

‘AH 

12 


75 


20 


50 


0 

K3 

70 

Ute -.- 

T/i 

0 


0 


40 


57 


Wi 


0 

57 

KK) 

Me.«!calcro Apache - 

54 

t M 

62 


02 


62 


JOO 


27 

73 

](K) 

Pawnee. 

0 

too 

1(K) 

1(X) 


JOO 


100 


0 

100 

KX) 

Tewa and ZunI. 

100 

KW 

100 

JOO 




KX) 


0 

KK) 

KK) 


Percentage of plants having siiecifled chromosome with knobs at indicated 









position 







Imlian trilie from which 


VI 







VIJI 


IX 

Aver* 

maize was obtained 






























mini' 


Ivong arm 






' Long arm 




her of 






Short 

Long 





Short 

Long 

knobs 






arm 

arm 





aim 

arm 

per 


ai 

b* 


vJ 





a 






plant 

Ute.-. 

100 

0 


0 


0 


0 


0 


D 

0 

0 

1 00 

Pawnee- - .. 

25 

0 


0 


0 


0 


0 

0 

100 

0 

2.00 

MCvScalero Apache. 

0 

1(K) 


0 


0 


0 


0 

0 

100 

0 

2. (X) 

Zuni and Tewa. 

60 

40 


0 


0 

100 


0 

0 

80 

0 

2.80 

Mescalero Apaclie.. 

60 

0 


0 


0 


0 


0 

70 

33 

0 

6.01 

Ule. 

75 

25 


12 


0 


33 

71 

86 

KX) 

25 

8 42 

Mascalero Apache. 

60 

31 


46 


0 


KX) 


0 

82 

KM) 

0 

K). 71 

Pawnee. 

JOO 

0 


0 


0 


100 


0 

100 

KX) 

KX) 

12 (X) 

Tewa and Zuni. 

100' 

1(K) 


0 


0 


UK) 


0 

100 

100 

0 

12.00 


1 a»KDob position nearest the end. 

> ba^Knob position second from the end. 
* c«Knob position third from the end. 


By the foregoing method the author has attempted to arrive at a 
figure from the data available that may be used as a measure of the 
knobbiness of the chromosomes in each of the 33 strains of Indian 
corn. The values in the last column of table 2 showing the average 
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number of knobs for each of the 33 strains are also presented graphi¬ 
cally in figure 12 . The range is from less than 1 to almost 12 knobs. 

Maize from the Pima, Hopi, Pueblo, and Navajo Indians is shown 
in table 2 as having an average number of knobs per plant greater 
than 10 . This group coming from adjoining regions suggests a 
source of material should prominent knob markers on most of the 
chromosomes be deshed. 

The same tendency toward knobs is found in most of the plants 
from the Mescalero Apache and in some jihints from the Zuni and 



Tewa,'^ Utc, and Pawnee Indians. These strains are the four that 
have been subdivided in table 3 because the plants with many knobs 
were clearly separated from those with few knobs. 

In rnarked contrast to the prevalence of knobs on the chromosomes 
of maize from these southw-estern localities is the small number of 
knobs on the maize from the Indians along the northern border of the 
United States. Of the first 16 tribes listed in table 2 , 14 are northern 
tribes. All of these except the Shoshone belong either to the Siouan 
or to the Algonquin families. The 14 strains of maize from these 
northern tribes have very few knobs on the chromosomes, and the 
range is only from 0.75 to 3.44 knobs per plant. 

Nine 'strains of maize given in table 1 are from Indians of Oklahoma, 
the melting pot of the northern and eastern Indian tribes. Table 2 


• Seed from this strain was collected from several reservations and then grown in Colorado. 
61548~-38-3 
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shows that the number of knobs on the chromosomes of these nine 
Oklahoma strains ranges from 2.42 to 4.67 per plant. These strains, 
although intermediate in geographical position between those of the 
northern and those of the southwestern Indian tribes described above, 
are not intermediate when the number of knobs on the chromosomes 
of the plants is compared. 

Only one strain of maize from the Southeast is shown in table 2. 
The average number of knobs on the chromosomes of maize of the 
Cherokee Indians from North Carolina is four per plant. It is 
scarcely justifiable to use the data from this one strain as indicative 
of the morphological characteristics of the chromosomes of the Indian 
com of the entire southeastern area. This one example, when com¬ 
bined with data from the southeastern tribes now living in Oklahoma, 
seems, however, to indicate that the maize from the Southeastern 
States tends to have more knobs on its chromosomes than does the 
maize of the Indian tribes of the North. In general the maize of the 
Oklahoma Indians seems to be a blend of that from the Indians who 
lived north, east, and southeast of this central region. 

Only in the maize from the Pawnee Indians of Oklahoma is there 
indication of contamination with that of the Indian tribes to the 
Southwest. A few plants in the author's collection coming from the 
Pawnee Indians were found to have the chromosomes generally 
marked by knobs. These knobs are so similar in number and size to 
the knobs on maize strains of the Southwest and the general morpho¬ 
logical features of the chromosomes of these few plants are so like 
the chromosomes of the maize of adjacent New Mexican Indians that 
a relationship is suggested. 

Mixing similar to that for the maize of the Oklahoma Indians 
seems to have begun in the maize of the Ute, Zuni and Tewa, and 
Mescalero Apache Indians, but in these latter tribes it is the maize of 
the North and of the Southwest that have recently been brought 
together in the same tribes. Only in the maize from the Mescalero 
Apache is there indication that the mixing has been followed by hy¬ 
bridization giving strains with the number of knobs per plant inter¬ 
mediate between northern and southwestern strains. The view that 
there has been a mixing of the maize from the northern with that from 
the southwestern Indians is supported in one instance by anthro¬ 
pologists who consider the Zuni and Tewa Indians to be a mixture of 
Pueblo and some tribe of northern Indians. 

The seed from the Walapai Indians came from the reservation on 
the west border of Arizona and that from the Mission Indians from 
the Pala Reservation in southwest California. The strains from both 
tribes have relatively few knobs on their chromosomes and hence 
differ widely from the varieties grown by their adjacent neighbors on 
the east. 

Insofar as the number of knobs per plant on the chromosomes of 
maize from various Indian tribes can be considered as indicative of 
relationship of the maize grown by these Indians, the author would 
group the various strains into (1) the southwestern group with knobs 
prevalent, (2) the northern group with knobs rare, and (3) the south¬ 
eastern group with relatively few knobs, although more than were 
found on the chromosomes of the northern group. 

The author's interpretation of the data supplied by the maize of 
the Walapai and Mission Indians of the Southwest is that they have 
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chromosomes with morphological characters more like the maize of 
the neighboring tribes to the north than like that of tribes to the east. 

To visualize more clearly, from a geographical standpoint, tlie data 
just discussed, the graph of figure 13 has been prepared. In this the 
number of knobs per plant for the maize of each Stale has been aver¬ 
aged, though occasionally two adjacent States arc considered together. 
This graph shows clearly tlic prevalence of knobs on the chromosomes 

LOCALITY OF MAIZ 

MONTANA.. 

IDAHO . 

north DAKOTA _ 

AND SOUTH DAKOTA 


MINNESOTA . 

AND WISCONSIN 

KANSAS . 

NEBRASKA . 

IOWA. 

OKLAHOMA.- 

NORTH CAROLINA- 

CALIFORNIA --- 

COLORADO. 

UTAH--.. 

ARIZONA ... 

AND NEW MEXICO 


I 234 5 6789 

AVtRAGE NUMBER OF KNOBS PER PLANT 

Kkh'kk i:> -Averapt' number of knolis per plant on the r hromosoines of maize from 15 Stales roprespulcd 

by 13 bars. 

in the maize strains from Arizona and New Mexico, and the small 
number of knobs from tlie Northern States. 

The maize strains of the eastern Indian tribes and those of the 
tribes from the North have been so jumbled with each other in their 
Oklahoma location that they show only in a general way a slightly 
greater prevalence of knobs on their chromosomes than the more iso¬ 
lated northern maize. The author feels, however, after a preliminary 
study of maize from the West Indies, that there is a resemblance 
between the ckromosomes of the maize from these islands and those 
of the maize grown by the southeastern Indians. The possibility is 
thus suggested that maize may have been introduced into the United 
States through two sources—Mexico and Florida or the Carolinas. 

Tliis general study of the knobs on the chromosomes of strains 
grown by the Indians^ combined with a previous study (S) of the 
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chromosomes of the nearer maize relatives, suggests to the author that 
knobs are a characteristic feature of the chromosomes of maize and 
its relatives growing in their native habitats. Strains of maize found 
farthest from Central America and Mexico have lost many of the knobs 
that mark so prominently the chromosomes of maize and its relatives 
growing in those regions. 


ABNORMALITIES 

Those maize strains in which the number of knobs on the chromo¬ 
somes is highest, have, as one would expect, laiobs at positions not 
previously recorded. It was also in these strains having many knobs 
that the author found abnormal types of chromosome X. Abnormal 
types were first seen in an annual teosinte from Mexico and have 
already been described by the author (3), Twenty-three plants with 
the long form of the tenth chromosome were found in the maize 
strains from the Navajo, Pueblo, Mescalero Apache, and Ute Indians. 
In one substrain of maize from the Navajo Indians the tenth chro¬ 
mosome was normal in length but had a prominent chromomere near 
the end of the long arm at a position usually marked by an enlarge¬ 
ment in the longer abnormal form of this chromosome. 

A study of the association between the number of knobs on the 
chromosomes and the occurrence of B-type chromosomes was made. 
Dividing the data into two groups, one containing those plants with 
more than 7 knobs and the other those plants with less than 7 knobs, 
showed that in the 145 plants with more than 7 knobs only 9, or 6.2 

[ )ercent, carried B-type chromosomes, whereas in the 28G plants with 
ess than 7 knobs 57, or 20 percent, carried B-type chromosomes. 
This greater prevalence of B-type chromosomes in plants with few 
knobs was illustrated further when after the subdivision and exami¬ 
nation of the maize strains from the Mescalero Apache, the Zuni and 
Tewa, Ute, and Pawnee tribes, it was found that in every case the 
plants with B-type chromosomes were plants with few knobs on their 
chromosomes. 

With one exception B-typo chromosomes in all plants appeared 
identical and were marked by darkly "^stained areas similar to those 
pictmed by McClintock (6*). In the Pawnee strain, however, dimin¬ 
utive B-type chromosomes, similar to those described by Randolph 
(10), were found. These diminutive chromosomes were frequently 
associated with the normal B-type cliromosomes, clearly proving 
their relationship. Wlien, however, they were found unassociated 
with the normal B-type chromosomes it could be seen that each was a 
spindle fiber attachment and a short tliread three or four chromomeres 
long. 

SUMMARY 

f 

The presence of knobs on the threadlike paired chromosomes at 
prophose of the first reduction division of the pollen mother cells of 
maize is one of the most useful morphological characters in identifying 
the chromosomes. 

A survey of the maize strains from 33 Indian tribes was successful 
in adding a few more prominent knobs to those alreadjr known and in 
the discovery of a form of the tenth chromosome previously unknown 
in maize. 
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The data show ve^ few knobs on the chi-omosomes from the maize 
of the northern Indian tribes, a slightly higher number of knobs on 
the chromosomes of maize from the Indian tribes of the Soutlieast, 
and many Icnobs on the chromosomes of practically all the maize from 
Arizona and New Mexico. 

The number of knobs on the chromosomes of the maize of the 
Indians of the United States increases as the tribes approach Mexico, 
where the much-knobbed chromosomes of maize and maize relatives 
occur. 

Tlie number of knobs on the chromosomes of a strain of Indian 
corn may giv^e a clue to the geograiiliical origin of the strain. 

B-type chromosomes, although prevalent in most strains studied, 
were found more frequently in plants witli less than seven knobs 
than in plants with more than seven knobs on their chromosomes. 
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ESTABLISHMENT AND SPREAD OP MOLDS AND BAC¬ 
TERIA ON COTTON ROOTS BY SEED AND SEEDLING 
INOCULATION^ 

By Marie B, Morrow, special agents James L. Hobeuth, formerly agents Division 
of Soil Microbiologyf James E. Adams, associate soil technologist^ H. V. Jordan 
associate soil technologist^ and Paul Guest, formerly agent, Division of Soil 
Fertility Investigations, Bureau of Plant Industry, United States Department of 
Agriculture 


INTRODUCTION 

Investigations conducted in the Blackland prairie section of Texas 
by Jordan, Dawson, Skinner, and Hunter (J),^ of the Division of Soil 
Fertility Investigations, Bureau of Plant Industry, indicated a need 
for a study of tiie changes in the microfiora attending certain crop 
practices. These and subsecpient projects, both held and laboratory, 
carried out in cooperation with the Division of Soil Microbiology, 
Bureau of l^lant Industry, and tlie Department of Botany and Bacteri¬ 
ology of the University of Texas, have indicated the desirability of 
investigating the relation of native and other organisms to the soil- 
borne pathogen Phyniatotrichum omnwonirn (Shear) Duggar. 

The general relations of the pathogen to the cotton plant are well 
described in tlie literature. The results of various investigations of 
biological control of soil pathogens have been summarized by Waksman 
(/>). The llrst step in the practical application of biological control 
is tlie establishment of desirable organisms in tlie soil under field 
conditions. That soil inoculation has b(^en successful with the 
rhizobia (/) is well known, and establishment is inferred in the work 
reported where biological control of soil pathogens has been 
accomplished. 

This paper briefly reports tho results obtained in the analysis of 
plant roots and adhering soil for introduced bacteria and molds fol¬ 
lowing the inoculation of cotton seed and seedlings. It appeared 
desireu)le to conduct the experiment in a field infested with root rot 
so that both infected and healthy plants would be available for com¬ 
parison. The field plan w as not sufficiently comprehensive to permit 
interpretation wdth assurance of possible indications of biological 
control due to the introduceil oi^anisms. The immediate objective 
of the work was to determine whether or not the bacteria and molds 
inoculated upon seed and seedlings are in this way established in the 
soil. 

PROCEDURE AND MATERIAL 
FIELD PLOTS 

The experimental field was divided into three sections, in each of 
which inoculation was acconmlished by a different method, designated 
as treatment 1, 2, or 3. Treatment 1 included eighteen 300-foot 
rows; the other treatments, eighteen 100-foot rows each. 

* Receive<i for publication August 20,1937; issued March 1938, 

* liefereiK^ is made by number (italic) to Literature Cited, p. 207. 
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TEST ORGANISMS 

Three molds and two bacteria antagonistic to Phymatotrichum 
omnworum in laboratory culture were selected. 

Aspergillus luchuensis. —This organism was isolated from Texas 
soil, where heavy infestation had prevailed for years but from which 
root rot had been retreating for several seasons. It was selected in 
preference to other black aspergilli because its purple-brown color and 
single row of sterigmata facilitate identification. 

Pseudomonas jluorescens? —This strain was isolated from Texas 
soil about live, healthy roots of cotton in soil that had been con¬ 
tinuously free from root rot. 

Penicillium luteum.^ —This fungus was isolated from roots of green 
plants taken from an area which, insofar as records reveal, had never 
been infested with root rot. Culture characteristics make fairly 
certain the identification of the fungus when reisolated. Results of 
Wehmer (10) and others (6) further justify its inclusion. 

Achromobacter radiohacter.^ —The culture used was obtained from 
the University of Wisconsin. Because of its association with rhizobia 
of legume roots, this form has long held the interest of soil microbiologists. 

Trichoderma lignorum:' —The culture used was obtained from the 
same area as the Aspergillus, In view of the interesting observations 
of Woindling (fi, 12^ IS) and others on its parasitism of soil-borne 
pathogens, this fungus was selected. 

INOCULATION AND PLANTINCi 

Treatment f. -Mebane cotton seeds were soaked for 1 hour in 10- 
day cultures of the respective organisms in nutrient broth. (The 
molds were cultured in gluoose-nutrient broth.) Growth masses and 
pellicles were well broken by shaking them with glass beads. Wlien 
the seeds were taken from the culture, as much of the liquid as possible 
was removed by squeezing lightly, and the moist masses of seeds were 
spread over paper and partly dried. Treated in this way the seeds 
were dry enough to pass through the planter, but moist enough to 
carry the inoculum. Two 300-foot rows foi’ each of the five organisins, 
alternating with two control rows of uninocujated seed (treated with 
sterile broth), were planted.'* 

Treatments 2 and 8 . —Untreated seeds were planted for subsequent 
seedling inoculation.* In treatment 2,* seedlings were inoculated with 
heavy broth cultures of the respective organisms, sterile broth being 
added to the control rows. The roots were exposed by a hand trowel 
and the culture (25-50 cc) poured about the root cro'wn, after whicli 
the soil was carefully replaced. For treatment 3,® 10-day cultures 
inoculated on potato-dextrose agar at pH 6.5 (2.5-cm cubes) were 
introduced as in treatment 2, sterile agar being placed in the control 
rows. 


LABORATORY PROCEDURE 

Samples selected for analysis® were lateral roots and taproots from 
both single plants and groups of plants and, in some cases, soil adjacent 


i> This species name designates a great group and is used here in the sense of an aggregate of strains. 

* Seed planted April 17,1030. 

* Treatment introduced June 15, 1936. 

* Collection off^ples, luly 9 to August S, 1936. 
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to the roots. The root or soil was carefully exposed and removed to 
sterile soil cans. The samples were usually analyzed within 24 hours 
after collection; during any delay, however, they were refrigerated 
at 6.0° C. 

Each sample was weighed and then washed thoroughly in sterile 
tap water by being shaken with beads in screw-cap prescription 
bottles. Three dilutions of the washings were made, and each dilu¬ 
tion was plated in quintuplicate on two different media. While 
efforts were directed chiefly toward a qualitative analysis of the flora, 
quantitative analysis was roughly made where possible. 

The molds were recovered from Waksman's {8) acid-glucose agar. 
A modified sodium albuminate agar, used in attempts to recover 
Pseudomonas jluorescens and Achromobacter radiobacterj was com¬ 
pounded as follows: Agar, 12.5 g; mannitol, 5 g; glucose, 0.5 g; 
dipotassium phosphate (K2HPO4), 0.5 g; magnesium sulphate 
(MgS 04 ), 0.2 g; ferric sulphate (Fe 2 (S 04 ) 3 ), trace; egg albumen, 0.25 g; 
peptone, 2.0 g; yeast extract, 25 cc; and distilled water, 975 cc. 

After 24 and 48 hours' incubation at 28° C., the plates were studied 
for the occurrence of Pseudomonas fiuorescens; after 4 days, for 
Achromohacier radiobacter and the molds. Any colony suspected of 
being from an inoculated organism was picked to a suitable medium 
(Waksman's medium for molds; albuminate medium for bacteria), 
purified, and identified by the usual routine morphological and cul¬ 
tural study. Agglutination reaction in immune sera was used as an 
aid in identifying Ach. radiobacter. 

RECOVERY OF ORGANISMS FROM INOCULATED AND 
NONINOCULATED PLANTS 

Throughout the investigation, the recovery of Achromobacter radio- 
bacter and Pseudomonas jluorescens was considered uncertain. In the 
case of Ach. radiobacter a large number of colonies were isolated, puri¬ 
fied, and studied as to fennentation characteristics, physiological 
tests, and reactions to known Ach. radiobacter antiserum. Except in a 
few cases the results were negative or doubtful. The agglutination 
reaction, which was considered the most reliable test, eliminated a 
majority of suspected cultures. Those cases considered positive did 
not agglutinate to full titer. Also, it has been almost impossible to 
establish with certainty that many of the Ps. jluorescens isolations 
were actually reisolations of the inoculated cells, because of the ex¬ 
pected distribution of this organism in normal soil. 

On the other hand, the results would indicate that the molds which 
were introduced about the root systems were in many cases estab¬ 
lished there. These results are summarized in table 1. Aspergillus 
luchuensis was found on both healthy and diseased roots in sufficiently 
greater numbers where inoculated to validate this conclusion. On the 
other hand, it was never recovered from soil and roots in areas away 
from the experimental plots. The recovery in a majority of samples 
analyzed of a form so consistently absent from soil not inoculated 
with it and from plants not in contact with inoculation would seem to 
point to successful establishment during the period of observation. 
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Trichoderma lignorum seems to have been established on both 
healthy and diseased roots in treatments 2 and 3. From the more 
or less consistent recovery of this form and its equally noticeable 
absence from plants not inoculated, it would appear that Trichoderma 
has been recoverable over a period of months from jilots in contact 
with inoculum. 

PenicUlium luteumj altliou^h found in normal Texas soil, which 
complicates interpretation, was recovered in an appreciably greater 
percentage of cases where inoculated than where it was not introduced. 
This was especially noticeable on diseased plants and in treatment 2. 
Although sporadic occurrence is frequent, the e\idence herein pre¬ 
sented points to a fairly consistent occurrence of P. luteum where 
inoculated. 

No detailed study of the spread of molds through soil was made. 
The findings presented confirm those of (xarrett (^) in showing that 
molds are capable of following the surfaces of plant roots as they 
spread through the soil. 

DISTRIBUTION OF INTRODUCED ORGANISMS OVER ROOT SYSTEMS 
OF INDIVIDUAL PLANTS 

The consistent recovery of Aspergillus luchuensis and Trichoderma 
lignorum from growing cotton roots suggested the need for further 
investigation to determine how much of the root system is infected 
following seed and seedling inoculation. The following procedure 
was designed to demonstrate the distribution of the introduced 
organisms over the root systems of the iiaxmlated ])laTits. 

SAMPLING 

The soil in Avhich two plants, one healthy and one diseased, stood 
side by side in the same row, was excavated so that the root svstems 
were exposed. A sketch of the root system was drawn to scale, and 
approximately 10 samples were taken from each root system; each 
sample was given a number corresponding to a number on the sketch. 
Samples wore 3-inch portions taken from the tip, middle, and base 
of lateral roots and taproots. Each sample was placed in a tightly 
stoppered, sterile test tube, and refrigerated until analyzed. 

A pair of root systems, one each from a healthy and a diseased 
plant, were excavated in each of the following locations: 

Treatment 2, Aspergillus luchuensis rows. 

Treatment 2, Pseudomonas fluorescens rows. 

Treatment 2, Penicillium luteum rows. 

Treatment 2, Achromohacter radiobacter rows. 

Treatment 2, Trichoderma lignorum rows. 

Treatment 1, Aspergillus luchuensis rows. 

Treatment 1, Trichoderma lignorum rows. 

Field infested with root rot, 200 feet from the experimental plot. 

PLATING 

Plates of Waksman's (8) and Jordan^s (4) selective media for Ps, 
JluorescenSf and yeast water-mannitol-Congo red agar, selective for 
Ach, radiobacter (^), were poured and the agar surfaces thoroughly 
dried. The root samples were cut into three equal parts and placed 
respectively on the three media, being pressed lightly to hold them 
firinly on the surface of the medium. The plates were incubated at 
28® C., and daily observations were made. 
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RESU1.TS 

In treatment 1, Trichoderma lignorum. was recovered where inocu¬ 
lated in 3 of the 20 samples from two plants studied, twice on healthy 
roots and once on diseased roots. These results are summarized in 
table 2. On 20 samples from two plants not inoculated, the organism 
was never found. In the same treatment, Aspergillus luchuensis was 



Figukk lioot of diseased cotton plant inoculated with Aspergillus luchuensis; treatment 1. JS, Hoot 

of healthy cotton plant inoculated with A. luchuensis; treatment 2. o. Locations sampled; ++* A. 
bichuensis recovered. 

isolated six times from the 20 samples taken from two inoculated 
plants, but it was not found on plants not receiving inoculum. 

In treatment 2, Trichoderma was recovered from 8 samples of the 
19 taken from two plants inoculated with Trichoderma y and twice on 
8Q sampleMrom eight plants not inoculated. Aspergillus was isolated 
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liocaiion, treatment, and condition of plants 

Cases of recovery of— 

Trichoderma 

lignorum 

Aspergillus 

luchuensis 

Treatment 1, rows inoculated uith— 

Trtehoderma lignorum: 

Healthy... . 

Number 

2 out of 10 

1 out of 10 

Number 

0 out of 10 
Oout of 10 

Diseased.. . _ _ ... .. 

Total.-..... 

AsvcrgiUutt luchuensis: 

Healthy.... .... . _ 

Diseased...... 

Total. _ - . ___ 

'rreatment 2, rows inoculated viith - 
Trtehoderma lignoruvi' 

Healthy. ... . . . _ ... 

Diseased-.. . . . . . 

Total-... 

3 out of 20 

Oout of 20 

0 out of 10 

0 out of 10 

3 out of 10 

3 out of 10 

0 out of 20 

6 out of 20 

5 out of 10 

3 out of 9 

0 out of 10 

0 out of 10 

8 out of 19 

0 out of 20 

Anpergillus hichuevsist' 

Healthy. .. . ... .. 

Diseased. ..... 

Total.. . . . .... 

0 out of 10 
Ooiit of 10 

6 out of 10 

2 out of 10 

Oout of 20 

Tout of 20 

Pfvirilliurn lufeum: 

Healthy... 

Diseased. 

Total. 

Pseudomonas fluorescens’ 

Healthy. 

Diseased. .. 

Total... 

A chromobaefer radiobacter. 

Healthy. 

Diseased... . ... . 

1 out of 10 
(i out of 10 

0 out of 10 
0 out of 10 

1 out of 20 

0 out of 20 

0 out of 10 

0 out of 10 

0 out of 10 

0 out of 10 

0 out of 20 

0 out of 20 

0 out of 10 

1 out of 10 

0 out of 10 

0 out of 10 

Total. . . 

Field 200 feet from experimental plot: 

Healthy... 

Diseased...... 

Total —.. . . 

1 out of 20 

0 out of 20 

0 out of 10 

0 out of 10 

1 out of 10 
0 out of 10 

0 out of 20 

1 out of 20 

Total’ 

Trichoderma lignorum Inoculated rows* 

Healthy. , . 

7 out of 20 

4 out of 19 


Diseased... 


Total.. ... 


11 out of 39 


Trichoderma lignorum non inoculated row s. 

Healthy..—.... 

1 out of 60 

1 out of 60 


Diseased... . ... ... 


Total... 


2 out of 120 


Odds against random distribution... 

1:200,000 


Total: 

Aspergillus luchuensis inoculated rows: 

Healthy. . 


8 out of 20 

5 out of 20 

Diseased. .. . 


Total. 



13 out of 40 

Aspergillus luchuensis noninoculated rows: 

Healthy. .. .. . 


1 out of 60 
0 out of 60 

Diseased...... 


Total. 



1 out of 120 

Odds against random distribution........_....___ 


1:200.000 
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from 7 of the 20 samples from two AspergillusAxiocvX^xt^A. plants, and 
was not found in 80 samples from eight plants not in contact with 
inoculum. These results would seem to confirm the conclusion that 
the molds Trichoderma lignorum and Aspergillus luchuensis may be 




Figure 2.—yl, Root of diseased cotton plant inoculated with Trichoderma lignorum; treatment 2. J5, Root 
of healthy cotton plant Inoculated with T. lignorum; treatment 2. o. locations sampled; +, T. 
lignorum recovered. 

found on the living root systems and can be recovered from inoculated 
plants in from 6 weeks to 4 months after seed and seedling inoculation. 

Penicillium luteum was isolated in a large number of cases, but it 
was also found where it had not been introduced. Because of this 
it is difficult to draw any conclusions concerning its occurrence or 
distribution. As in the previous part of the investigation, the 


Feb. 1,1938 


Spread qf Molds and Bacteria on Cotton Roots 


205 


recovery of Achromobacter radiobacter and Pseudomonxjs Huorescens 
was uncertain. 

Having determined those root samples in which inoculated organ¬ 
isms occurred, it has be^ii possible to indicate, on the diagrams con¬ 
structed to show sampling locations, the distribution of the inoculated 




Fi(iURE 3.--l>istributJon of Trichoderma liffnoruvi and AapergiUtta tnchuanstK on root of (.1) diseased eotton 
plant and (H) healthy plant, o. Locations sampled; -f-f, A. luchnensis recovered. Arrows indicate 
diseased root of healthy plant adjacent to diseased plant, 

forms on a single root system. Six such diagrams are presented in 
figures 1 to 4. 

The diagrams shown in figure 3 are particularly interesting, since 
they represent growing root systems of a diseased and of a jireyiously 
healthy plant side by side in "the same row and show very strikingly 
the beginning of infection on one of the lateral roots of a healthy plant 




206 


Journal of Agricultural Research 


Vol, M, No. 3 


in contact with the infected roots of a diseased plant. No other root 
on the healthy plant showed symptoms of root rot; and this root 
show^ed symptoms only at the tip, where it was in direct contact with 
the infected root of the diseased plant. 




I 


B 

I-32“---1 

Figure 4.-—Hypothetical dlstrihuljon on cotton root of AapergUlus luchuensis (++) {A) and I'richoderma 

lignoTum (4-) (B). 

Shown in figure 4 are all the locations pertaining to Aspergillus 
luchuensis and Trichoderma ligTiorum, This figure represents hypo¬ 
thetical plants with root systems drawn through every point where the 
respective organisms were found. It is interesting to note that in 
general Trichoderma was recovered only on or near the taproot, while 
A, luchuensis was well distributed over both the taproot and laterals. 
In view of the fact that the inoculum was placed about the taproot at 
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a depth of only 4 inches and that these molds have been recovered to a 
depth of 13 and 17 inches, respectively, for Trichoderma and Asper- 
giUuSy and that the latter organism shows lateral spread from the taj)- 
root of some 9 inches, it would seem that the introduced molds have 
spread on the growing roots, whether or not they have spread through 
soil free from root material. 


SUMMARY 

A study of plants from a field infested with Phyrnatotrichum^ omm- 
VGrurn (Shear) Duggar has demonstrated that organisms introduced 
by inoculated cotton seed and by inoculum furnished to the cotton 
seedling have been established in the rhizosphere of the jdant. This 
(‘onclusion is based upon recovery of the introduced organisms in 
appreciably greater numbers from inoculated plants than from those 
not receiving inoculum. 
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THE COMPARATIVE VALUE OF COD-LIVER OIL ALONE 
AND IN COMBINATION WITH IRRADIATED ERGOS- 
TEROL AS A SOURCE OP VITAMIN D FOR CONFINED 
LAYING HENS ‘ 

By Ralph B. Nertler 

Junior hiologisty Animal Nutrition Division, Bureau of Animal Industry, United 
States Department of Agriculture 

SURVEY OF LITERATURE 

Cod-liver oil has been used for many centuries as an antirachitic 
agent {10) ? In 1922 McCollum, Simrnonds, Sliipley, and Park 
7) published an account of a newly discovered factor in cod- 
liver oil, separate from vitamin A, 'Vlxich exerts a directive influence 
on the bone development and enables animals to develop on an in¬ 
adequate supply of calcium much better than they could otherwise do/^ 
Four years later Holmes, Brown, Smith, Treadvrell, and Whitelock (18) 
pointed out that cod-liver oil in the diet of laying hens increased egg 
production and hatchability. That the newly discovered vitamin D 
was a major factor in their results can be gathered from the work of 
Hughes, Payne, and Latshaw {20), who had previously obtained the 
same results with ultraviolet irradiation. 

In 1924 Steen bock and Black {SI) found that diets for rats could be 
made antirachitic and grow-th promoting by irradiation with a quartz 
mercury-vapor lamp. In the same year Hess {IS) and Hess and 
Weinstock {15) activated linseed oil and cottonseed oil by means of 
irradiation. Either of these activated oils when added to a rickets- 
producing diet was able to protect rats from rickets. Hess and Wein- 
stock also foimd that by irradiating cod-liver oil they could enhance 
its antirachitic value. 

Since the unsaponifiable portion of fat contains a large quantity of 
cholesterol, for a time raan^y research vrorkers considered cholesterol 
as the precursor of vitamin D. However, Heilbron, Kamm, and 
Morton {12), Hess and Windaus {10), and Bills, Honeywell, and 
MacNair {6) demonstrated that in tlie nutrition of rats, the vitamin D 
precursor is ergostorol, which is present as a minute impurity in the 
cholesterol. From tliis irradiated sterol a crystalline ^^synthetie’^ 
vitamin 1) was finally isolated. Dissolved iti corn oil, irradiated 
ergosterol is being used extensively as a source of vitamin D. 

In the nutrition of rats, Russell, Taylor, and Wilcox {SO) found 
that irradiated ergosterol was as efficacious in preventing rickets as 
cod-liver oil when the tw^o were fed in the aiiproxirnato equivalent 
rat-unit dosa^. However, in human nutrition, De Sanctis and 
Craig {8) and Barnes, Brady, and James {!) concluded that irradiated 
ergosterol was not so satisfactory an agent in the prevention of rickets 
as cod-liver oil in the approximate equivalent rat-unit dosage. 
Holmes {17, p, 214 ), after making a comprehensive review of the 

' Received for publication October 9, 1937, issued March, 1938. 

^ llefcrcnce is made by number (italic) to Literature Cited, p. 218. 
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literature, decided that as an antirachitic agent ‘^either vitamin D 
as it occurs in cod-liver oil possesses properties not present in irradiated 
ergosterol, or that the vitamin A or some other substance in cod-liver 
oil enhances the antirachitic vitamin in the oil * * In the 

bone development and growth of chicks, Mussehl and Ackerson (^7), 
Massengale and Bills {25), Bethke, Record, and Kennard (2), and 
Massengale and Nussmeier (26) also found that activated ergosterol 
was much less effective than the rat-equivalent quantity of cod-liver 
oil. Bethke and associates estimated that 15 to 20 times as many rat 
units of vitamin D per unit of feed, in the form of iri adiated ergosterol, 
is required for normal bone formation, as in the form of cod-liver oil. 
Finally, in the feeding of mature hens for optimum egg production and 
hatchability, Branion and Smith (7), Russell, Taylor, and Wilcox {2.9), 
Bethke, Record, Kick, and Kennard {3), and Titus and Nostler {33) 
showed that irradiated ergosterol gave poorer results thaji the rat- 
equivalent dosage of cod-liver oil. 

Titus and Nestler found that cod-liver oil fed at high levels had a 
markedly deleterious effect on both egg production and hatchability. 
They suggested that the optimum quantity of cod-liver oil for strictly 
confined laying hens is between 1 and 2 j)ercent of the diet, and that 
when irradiated ergosterol is used as a source of vitamin D, 10 to 20 
times as much of this \dtamin fas measured by assays with rats) 
must be fed. 

Barnes and associates (/), in their observations on humans, found 
that there was no evidence of superiority among a group of cliildren 
receiving a mixture of cod-liver oil and irradiated ergosterol as com¬ 
pared with a group given cod-liver oil only. Bethke and associates 
{2) concluded from their work with chicks that a mixture of (*od-liver 
oil and irradiated ergosterol is less effective than the rat-ecpiivalent 
quantity of cod-liver oil only for proper bone calcification. 

Holmes and Figott {19) deternuned on rats the antirachitic activity 
of six samples representing five brands of irradiated ergosterol 100 t) 
and found that these samples did not possess uniform antiracliitic 
value. A sample of irradiated ergosterol 100 D that possessed the 
liighest activity of those listed had less than GO times the antirachitic 
activity of the best cod-liver oil tested. 

Rider, Sperti, Goode, and Cassidy {2S, p, 1^56), after making a com¬ 
prehensive review of the literature, suggested that— 

the expected and the actual clinical potencies of irradiated ergosterol may have been 
accounted for in part by the now overwhelmingly evident fact that irradiation of 
ergosterol with the full ultraviolet of the quartz mercury arc produces a multi¬ 
plicity of products. Some of these products are known to be inactive physiologi¬ 
cally and others to be toxic without appreciable antirachitic activity. 

These workers found that the discrepancies between the activities 
of antirachitic agents in rats and chickens are to some extent paralleled 
by similar discrepancies between their activities in rats and cldldren. 
In the absence of vitamin D the chicken develops rickets in spite of an 
optimum calcium and phosphorus ratio and content in the diet. To 
produce rickets in the rat the diet must be definitely unbalanced with 
respect to these two constituents. Hess, Lewis, and Rivkin {11^, p. 
1888) make the observation that— 

there is an essential difference in the pathogenesis of rickets in the rat and in 
infants, ^at the former is regularly brought about simply by a lack of phosphorus 
in the diet, whereas rickets never comes about in infants as a result of such a 
deficien^^ * * *, 
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When Bills and associates (6*) in 1928 activated by ultraviolet 
irradiation the crgosterol that they obtained from cholesterol, they 
noted that they could also activate the ergosterol-free cholesterol 
by the same irradiation. The following year Koch, Koch, and Lemon 
{22) and Koch, Koch, and Ragins {23) concluded that provitamin D 
activity is not limited to orgosterol, but that it may be a general prop¬ 
erty in varying degrees of various sterols or certain forms of these 
sterols. More recently Waddell {SV), Koch and Koch {21), Hathaway 
and Lobb {11), and Bethkc, Record, and Wilder {4) found that in 
chicken nutrition the vitamin D of irradiated, heated, and purified 
cholesterol has properties resembling more closely the natural vitamin 
D of cod-liver oil tnan has the vitamin D of irradiated ergosterol. In 
1937, Bills (5) pointed out that at least eight forms of vitamin D have 
been artificially prepaxed, and at least two forms occur in fish oils. 

In view of the fact that the chicken is less sensitive than the rat to 
the vitamin D produced bv irradiating ergosterol, whereas the oppo¬ 
site is true of the vitamin D in cod-liver oil, the question arises: Is a 
mixture of vitamin I) from these two sources more effective in the 
case of laying hens than the vitamin D from cod-liver oil alone? As 
a result of an experiment originally planned for a study of the effect 
of irradiated ergosterol on the transfer of vitamin A to eggs (DeVaney, 
Titus, and Nestler («9)), data have been accumulated which throw 
some light on this question. The present paper deals with the witer's 
analysis of these data. 


EXPP]RIMENTAL METHODS AND MATERIALS 


The experiment rejiorted in this paper was conducted at the Agri¬ 
cultural Research Center, Beltsville, Md., during the 48-week period 
beginning August 29, 1933, and ended July 31, 1934. Six pens were 
use<l in this study. They were approximately 8 by 11 feet in size 
and were located on the second floor of a frame building. Ordinary 
window glass (iltere<l all the sunlight that entered. 

In tins experiment there were used 108 cross-bred ])ullets, the prog¬ 
eny of a mating of Rhode Island Red males with Barred Plymouth 
Rock females. These birds were distributed in the 6 pens at random, 
18 to a pen. Two Rhode Island Red cockerels were placed in each 
pen, but 5 weeks later the poorer one of each pair was removed. To 
insure uniform fertility the males were transferred from one pen to 
the next twice a w^eek. 

Throughout the experiment the birds were allow ed all they would 
eat of the following all-mash diet: 

Percent 


Ground yellow corn__ 

Pure wheat bran_ 

Rolled oats_... 

Alfalfa leaf meal_ 

Desiccated meat meal_ 

North Atlantic fish meal_ 

Dried buttermilk__ 

Ground limestone_ 

Special steamed bonemeaL. 
Anhydrous sodium sulphate. 
Sodium chloride_ 


38. 5 
18. 8 
11. 6 

4. 2 
8 . 0 
7. 0 

5 . 0 

2. 9 

3. 0 
. 6 
. 5 


Total 


100 . 0 
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The proximate chemical analysis of this diet was as follows: 


Percent 

Moisture- 10.0 

True protein *_____ 19. 2 

Nonprotein nitrogen compounds____ 1. 7 

Ash_ 10.3 

Fat-___-... 4.4 

Fiber_ 4.1 

Nitrogen-free extract_ ___ _ 50, 3 

Total.. 100.0 


• I'he iliot contaiaocl 21.5 iMirront of crude protein. 

A phosphorus level of 1.2 ])ercent and a calcium level of 3.0 per¬ 
cent were maintained throujjhout the experiment. 

The following oil mixtures were added to the diet: Mixture of (1) 
0.5 percent of corn oil and (2) 1 percent of cod-liver oil for pen 1, 2 
percent of cod-liver oil for pen 2, and 8 percent of cod-liver oil for 
pen 3; and a mixture of (1) 0.5 percent of irradiated orgosterol 160 
D and (2) 1 percent of cod-liver oil for pen lA, 2 percent of cod-liver 
oil for pen 2A, and 8 percent of cod-liver oil for pen 3A. 

The rachitically inert corn oil was used merely to make the fat 
content of the diets fed in the first three pens correspond with that 
of the diets fed in the last three pens. On the basis of the conclusion 
drawn by Titus and Nestler (S5), 0.5 percent of irradiated ergosterol 
160 D may be considered equivalent to 4 percent of cod-liver oil in 
its vitamin D value to laying hens. Therefore, whereas pens 1, 2, 
and 3 received 1, 2, and 8 percent of cod-liver oil, respectively, pens 
lA, 2A, and 3A received the equivalent of 5, 6, and 12 percent of 
cod-liver oil, respectively^ 

The weights of the birds were obtained at the beginning of the 
experiment and at the end of every 4-week period thereafter. A rec¬ 
ord was kept of the weight of the feed given to the birds and the 
weight of the residue at the end of each 4-week period. Four times a 
day throughout the experiment the birds in the trap nests were re¬ 
moved and the eggs were collected. Ewry 4 weeks all the sound eggs 
laid during a period of 10 days were incubated in order to obtain 
data on fertility and hatchability. During thirty-three 5-day periods, 
systematically scheduled throughout the year, all eggs wT.re weighed; 
and during every tliird 5-day period the eggs, in addition to being 
weighed, were tested for shell strength by the method of Swenson 
and James {32), as modified by Titus and Nestler {33), In this test 
for eggshell strength a steel ball weighing 3.5282 g was dropped from 
various heights through a tube on each egg, which was held in place 
under the end of the tube. During the last half of the experiment 
studies were made of the weight and thickness of the eggshells, thick¬ 
ness of the membranes of the eggshells, wreight and color index of the 
yolks, and the weight of the whole and thick albumen, from eggs 
obtained during five 5-day periods 4 weeks apart. The tliickness of 
the eggshells and the thickness of the shell membranes were deter¬ 
mined with micrometer calipers immediately after the eggs were 
broken. The two membranes were measured together. A color scale 
designed by Dr. Paul F. Sharp, of Cornell University, was used in the 
study of the color of the egg yolks. The thick albumen was sepa- 
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rated from the whole albumen by the use of a perforated sieve 4% 
inches in diameter, having 64 holes per square inch, each hole being 
0.081 inch in diameter. 

RESULTS AND DISCUSSION 

A summary of the data obtained is presented in table 1, and the 
statistical significance of the differences found in table 1 is presented 
in table 2. Most of the data were analyzed by variance analysis. 

The birds in pen 1, wliich received 1 percent of cod-liver oil as the 
source of vitamin 1), made significantly greater gains in live weight 
between August 29, 1933, and February 13, 1934—the date of maxi¬ 
mum gains during the entire experiment—than the birds in pens lA, 
2, or 2A. The differences between the gain in live weight of the birds 
in pen 1 and the gains of the birds in pens 3 and 3A were large but 
not statistically significant. Likewise, differences between the gains 
in live weight of birds in any two of the pens other than pen 1 wore 
not statistically significant. 

The birds in pen 1 consumed a greater quantity of feed than any 
other birds. This fact accounts for their greater gains in live weight. 
The difference in feed consumption was statistically significant in all 
cases, except between the birds in pen 1 and those in pen 2A. The 
diets fed in pens lA, 2, and 2A all caused significantly greater feed 
consumption than those fed in pens 3 and 3A. There were no statis¬ 
tically significant differences between the quantities of feed consumed 
by the birds in pens 2 and 3, which received 2 and 8 percent of cod- 
liver oil, respectively, as the sole source of vitamin D, and the quan¬ 
tities of feed consumed by the birds in pens 2A and 3A, which received 
corresponding levels of cod-liver oil imxed with irradiated ergosterol. 

The hatchability of the eggs from either pen 1, 1 A, 2, or 2A w^as 
higher than that of the eggs from either pen 3 or 3A, the difference 
being statistically very significant. There was no statistically signif¬ 
icant difference between the hatchabUity of the eggs from a pen 
receiving any particular level of cod-liver oil without irradiated 
ergosterol and that of eggs from a pen receiving a corresponding level 
of cod-liver oil with irradiated ergosterol. 

The production and the total weight of eggs in either pen 1, lA, 2, 
or 2A also were greater than the production and the total w^eight of 
eggs in either pen 3 or 3A. However, it will be noted from table 2 
that the difference between the egg production in either pen 1 or lA 
and that in either pen 3 or 3A was not so statistically significant as 
the difference between the egg production in either pen 2 or 2A and 
that in either pen 3 or 3A, In the case of both egg production and 
the total weight of the eggs produced, there was a statistically greater 
significant dSerence between either pen 1, lA, 2, or 2A and pen 3A 
than between either pen 1, lA, 2, or 2A and pen 3. Although there 
was a tendency for cod-liver oil to give better results than a mixture 
of cod-liver oil and irradiated ergosterol, none of the differences 
between the results obtained at the same level of cod-liver-oil intake 
were statistically significant. 

The only statistically significant differences found in the data for 
the average weight of the eg^ was between either pen 1 or lA and 
either pen 3 or 3A. The weights of the eg^ from the former pens 
were heavier than those of the eggs from the latter pens. 
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Table 2. —Statistical significance of the differences found in table 1 


Degree of significance in tiie results obtained in the experiment 
in respect to 


Sources of vitamin U compared > 


1 percent cod-liver oil and ■ 

1 j>erceut cod-Uver oil-firra- 

diated ergosterol. 

2 percent cod-liver oil- 

2 percent cod-liver oil+irradi- 

ated ergosterol. 

8 percent cod-livcr oil 
8 percent ood-liver oll-t-irra- 
diated ergosterol. 

2 percent cod-liver oil and— 

8 percent cod-liver oil. 

8 percent cod-liver oil+ irra¬ 
diated ergosterol. 

1 percent cod-liver oil-firradiated 
ergosterol and— 

8 percent cod-liver oil_ 

8 percent cod-liver oil+irradi- 
ated ergosterol. 

2 percent cod-liver oil-firradiated 
ergosterol and— 

8 percent cod-liver oil. 

8 percent cod-liver oil-firra- 
dlated ergosterol. 


Pen 

Gain in 

Feed 



Weight 




live 

con- 

Hatch- 

Eggs 

of all 




No. 

weight 
Aug. 29, 
1933 to 

sumed 

per 

period 

ability 

of 

fertile 

pro¬ 

duced 

I>er 

eggs 

pro¬ 

duced 

Egg 

weight 

Yolk 

weight 

Color 

of 

yolks 


Feb 13, 

of 4 

eggs 

bird 

per 




1934 3 

weeks 



bird 




1 

lA 

s 

s 

N 

N 

1 

N 

N 

N 

N 

2 

il 

ft 

N 

N 

N 

N 

N 

N 

2\ 

11 

N 

N 

N 

N 

N 

ft 

N 

3 

N j 

H 

11 

N 

ft 

H 

n 


3A ; 

N 

H 

11 

S 

II 

ft 

* H 

ft 

3 

N 

H 

IT 

ft 

ft 

N 

H 


3A 

N 

S 

n 

H 

H 

N 

s 


lA 









3 

N 

II 

H 


S 

11 

H 

ft 

3A 

N 

s 

n 

S 

H 

H 

H 

S-fi 

2A 









3 

N 

H 

n 

S 

S 

N 


N 

3A 

N 

II 

n 

H 

11 

N 


N 


* The differences are in favor of the first-mentioned source of vitamin D of each comparison. 

a H=highly significant (odds of at least ii9 to 1), S—significant (odds of at least 19 to 1); N—not significant. 
»Date of maximum gam during the entire experiment. 

* The odds are slightly less than 99 to 1. 

8 The odds are slightly Jess than 19 to 1. 


The tables show that the birds in pen 1, which received 1 percent 
of cod-liver oil without irradiated ergosterol, laid eg^ with signif¬ 
icantly heavier yolks than those in pen 2A, which received 2 percent 
of cod-liver oil with irradiated ergosterol. The difference in the 
average weight of the yolks of the eggs from pen 2, which received 2 
percent of cod-livor oil without irradiated ergosterol, and those from 
either pen 3 or 3A, was more significant than the difference in the 
average weight of the yolks of the e^s from pen 2A and those from 
either pen 3 or 3A. 

The color of the yolks of the eggs from pens lA, 2A, and 3A had 
a tendency to be lighter than the yolks of the eggs from pens 1, 2, 
and 3, but the differences were not statistically significant. Signif¬ 
icant differences existed between the color of yolhs obtained from 
either pen 1, lA, or 2 and either pens 3 or 3A. The difference in 
yolk color between the eggs from pen 2A and either pen 3 or 3A was 
not statistically significant. 

None of the differences in the loss of live weight of the birds, the 
weight, thickness, or strength of eggshells, the tmekness of the shell 
membranes, the weight of the whme albumen, the percentage of the 
fhick albumen, and the percentage of the fertility of the eggs, were 
statistically significant. 
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The data presented in tliis paper substantiate the conclusion drawn 
from previous work of Titus and Nestler ( 33 ) that excessive percent¬ 
ages of cod-liver oil in the diet of confined layuig hens have a markedly 
deleterious effect on both egg production and hatchability. In the 
present work 8 percent of cod-liver oil in the diet of laying hens con¬ 
siderably lowered egg production, hatchability, average weight of 
eggs, total weight of eggs produced, weight of egg yolks, and weight 
of feed consumed. It also caused the yolks to have a lighter color. 

A mixture of one-half percent of irradiated ergosterol 160 I), a 
quantity about four times that considered by Titus and Nestler ( 33 ) 
as necessary for laying birds, and 1, 2, or 8 percent of cod-liver oil, 
gave pra(*.ti(‘>ally the same results as tlie same percentages of cod-liver 
oil wlien fed alone. This fact harmonizes witli the observations of 
Barnes, Brady, and James ( 1 ) on the lack of effectiveness of a mixture 
of cod-liver oil and irradiated ergosterol in human nutrition, and 
those of Bethke, Record, and Kennard ( 2 ) on the la(‘k of effectiveness 
of such a mixture for proper bone calcification in chicks. 

SUMMARY 

An experiment was carried on at the Agricultural Research Center 
at Beltsville, Md., in 1933-34, to compare the efficacy of cod-hver oil 
fed alone with that obtained by mixing it with irradiated ergosterol, 
as a source of vitamin D for confined laying hens. Six pens of cross¬ 
bred pullets, the progeny of a mating of Rhode Island Red males with 
Barred Plymouth Rock females, were used. The birds were kept in 
strict confinement without access to direct sunlight. These six pens 
received the following vitamin D supplement: 1, 2, and 8 percent of 
cod-liver oil in the first three pens, and 1,2, and 8 percent of cod-liver 
oil supplemented in each case by 0.5 percent of irradiated ergosterol 
1 ()0 D in the last three pens, A phosphorus level of 1.2 percent and a cal¬ 
cium level of 3.0 percent were maintained throughout the experiment. 

A mixture of 0.5 percent of irradiated ergosterol 160 D with 1, 2, 
and 8 i)erc.ent, respectively, of cod-liver oil m the diet of laying hens 
showed no superiority over the same quantities of cod-hver oil without 
the addition of irradiated ergosterol. 

The relatively high levels of vitamin D produced by combining 
cod-liver oil at the 1- and 2-percent levels with about four times the 
quantity of irradiated ergosterol necessary for laying cluckens pro¬ 
duced no deleterious effects on the hens or their eggs. 

Cod-hver oil at the 8-percent level, whether supplemented with 
irradiated ergosterol or not, had a markedly deleterious effect on the 
production, average weight, total weight, and hatchabihty of the 
eggs; weight of the yolks; and the consumption of feed. It also 
caused the color of the yolks to be much lighter than those from birds 
receiving lower levels of cod-hver oil. However, it had no appreciable 
effect on the other items studied. 
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RESISTANCE OF CHICKEN EMBRYOS TO MECHANICAL 

DISTURBANCES ‘ 


By Marlow W. Olsen, assistant poultry husbandman, and Theodore C. Byerly, 

senior physiologist, Animal Husbandry Division, Bureau of Animal Industry, 

United States Department of Agriculture 

INTRODUCTION 

The effect of mechanical shock on eg^s during incubation has long 
been a matter of speculation. The idea is prevalent that a sudden jar 
or vibrations of the earth such as are causecJ by earthquakes, dynamite 
explosions, claps of thunder, or even the passing of trains, affect 
hatchability. Little or no concrete evidence has been presented to 
support or to disprove this idea although reliable information would be 
valuable from a practical, as well as a scientific, standpoint. If 
developing embryos are more easily killed at one age than another, 
the hatcheryman could avoid unnecessary handling of the eggs at 
a critical time, and thereby increase the chances for improving the 
hatch. 

The very extensive literature on the susceptibility of the embryo 
and its parts to various external agents has been summarized by 
Hyman.^ Most of this literature has to do with the origin of terata 
and contains the results of qualitative experiments with very young 
embryos or with eggs subjected to various external forces prior to 
incubation. The opinion is generally accepted that all harmful agents 
produce similar effects when applied at similar times to the whole 
embryo and that they affect those parts of the embryo that are develop¬ 
ing most rapidly. Since development in earlier stages usually proceeds 
more rapidly than in later stages, it is generally held that the younger 
embryos will be most affected by a given force. However, quantita¬ 
tive data on the susceptibility of the embryo at successive stages of 
incubation and data for later stages are very meager. In this paper 
quantitative data are presented showing the resistance of the embryo 
at different stages of development to various forces applied externail}^ 
to the egg. 

MATERIALS AND METHODS 

Eggs obtained from a flock of White TiCghorus at the National 
Agricultural Kescarch Center, Beltsvilic, Md., in 1984, were used for 
these experiments. The eggs were carefully selected to eliminate, as 
far as possible, variations due to the breeding and the management of 
the adult birds and the storage conditions of the eggs previous to 
incubation. 

All the experimental eggs, including the controls, were incubated in 
a force-draft cabinet-type machine operated at 99.9"^ F. with a wet- 
bulb reading of 85®. I'he eggs were racked in the trays, large end up, 
and were turned four times daily. 

* Received for publication September 24,1937; issued March, 1938. 

* Hyman, L. H. the metabolic gradients of vertebrate embryos, hi, the chick. Biol. Bull. 32: 
1-38, iUus. 1927. 
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Susceptibility of the embryos, at different stages of development, to 
mechanical shock was tested by applying force to the egg in different 
ways: (1) By placing eggs in a shaking machine, (2) by centrifuging, 
(3) by striking the eggs against the operator’s hand, and (4) by 
placing them near blasts of dynamite. In order that only strong em¬ 
bryos would be used, the eggs were removed from the incubator and 
candled just prior to treatment by one of the foregoing methods. 
After treatment they were again placed in the machine, where they 
were left for 3 days before they were again removed and candled. 
x\ll eggs containing dead embryos were broken and the embryos 
classified as to time of death. 

EXPERIMENTAL RESULTS 

EFFECT OF SHAKING 


Each day during incubation, two groups of eggs containing embryos 
of known ages were placed in a mechanical shaking machine and 
treated for 7 minutes. This machine vras driven by an electric motor 



FiCfURE l.—Mortality amonK embryos In eggs shaken daily for 7 minules in a meohaiufal shaker 

at the rate of 229 oscillations per minute through a distance of 3 
inches. One group of eggs was so placed in the machine that they 
were shaken in a (lirection parallel to tlm short axis of the egg. The 
second group was so placed that the direction of force was exerted 
parallel to the long axis of the egg. During the entire incubation 
period the test involved 1,252 eggs in the first group, 708 eggs in the 
second group, and 350 eggs in the control group. Tlie percentage of 
mortality, showing the effect of this particular type of shock on the 
embryos at various stages of development, is shown in figure 1 
Each point was obtained by dividing the number of deaths which 
occurred within 72 hours after treatment by the number of live 
embryos treated. The curves have been smoothed by the three-point 
method of moving averages. The figure shows that eggs shaken 
parallel to the short axis of the egg were affected more severely than 
those shaken parallel to the long axis. In both groups, affected 
embryos usually died within 72 hours after treatment as a result of 
rupture of the yolk sac or hemorrhage caused by disruption of the 
chorio-allantois from the overlying shell membrane. There was 
little or no delayed mortality and no apparent teratogenic response 
to treatment at any point m the ncubation period. In the eggs 
shaken parallel to the short axis, mortality attributable to treatment 
increased ijg^pidly to the fourth day, where .t remained within a range 




Feb. 1,1938 Resistance of Chicken Embryos to Mechanical Disturbances 223 


of 30 to 50 percent most of the time until the thirteenth day and 
then rapidly decreased to zero. In the other treated group, how¬ 
ever, the percentage of mortality was rather constant during this 
period. 

EFFECT OF CENTRIFUGING 

During each day of the incubation period, two groups of eggs con¬ 
taining embryos of known ages were placed in a centrifuge. One 
group of eggs, totaling 1,263 at the beginning of this phase of the 
experiment, was placed in the centrifuge cups blunt end foremost so 
that the direction of force would be exerted against the large end of 
the eggs. The second group of eggs, numbering 1,304, was placed 
pointed end foremost in the centrifuge cups. The eggs were centri¬ 
fuged for 1 minute, during which time the maximum force exerted 
on a 2-ounce egg was 1,732 dynes and the average force 710 dynes. 
After treatment the eggs were removed from the centrifuge and 
replaced in the incubator, where they remained for 3 days before 
they were candled and eggs containing dead embryos removed. In 



this phase of the experiment, 850 eggs were used in the control group. 
The jiercentage of mortality attributable to treatment on successive 
days of incubation is shown in figure 2. As in the case of eggs treated 
in the mechanical shaker, the percentage of mortality was calculated 
from tlie number of deaths occurring during a period of 72 hours 
after treatment. The mortality curves shown in figure 2 have been 
smoothed by the three-point method of moving averages. The 
curves are similar to those of eggs that were shaken, in that mortality 
was much heavier in one of the groups and the heaviest mortality 
occurred approximately at the same period of incubation. 

The effect of treatment in neither group placed in the centrifuge 
was apparent during the first 3 days of incubation. After that time 
there was a sharp rise in mortality among embryos in eggs on which 
force was exerted on the blunt end, the trend line reaching a maxi¬ 
mum of 74.0 percent on the ninth day of incubation, gradually 
receding until it reached 20.5 percent on the fifteenth day, then again 
rising to an average of about 34.4 percent for the remainder of the 
incubation period. This same general trend is noticeable but to a 
far less degree in the group centrifuged with the force exerted on the 
small end of the egg. 

5154^1—38-5 
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The major cause of death among embryos of both centrifuged 
groups was foimd to be broken yolk sacs and ruptured blood vessels 
of the chorion and the allantois. In these groups of eggs, and espe¬ 
cially in the group centrifuged with the large end m the cup, tiemulous 
air cells w^ere x>roduced. Those embryos that survived the treatment 
showed no .ill effects, and in most cases the air cell became fixed 
again when the chorion and allantois came in contact with the shell 
membrane. It appears that tremulous air cells are a result of adverse 
conditions affecting eggs and causing high mortality of the contained 
embryos and are not the direct cause. 

EFFECT OF JARUING 

Susceptibility of embryos to mechanical shock was tested l>y jarring 
eggs at successive stages of incubation. Each day a grouj) of eggs 
containing live embryos was removed from the incubator and sub¬ 
divided into two groujis. The blunt ends of one lot of eggs were 



FiGirKK 3. Mortality among embryos iu eggs which wore jarred against oiieralor’s hand 


struck three times against the palm of the operator's hand. The 
other group was treated in the same manner except that the pointed 
ends were struck against the operator's hand. In many cases the 
force was sufficient, especially in the group struck on the blunt end, 
to produce tremulous air cells in the eggs. During the eiitin^ experi¬ 
ment the test involved 1,020 eggs in the first group, 990 in the second 
group, and 1,163 in the control group. The mortality resulting from 
the different methods of treatment is shown in figure 3. As in the 
case of eggs treated in the ctmtrifuge, the points shown on the graph 
are the percentages of embryos that were killed within 72 hours after 
treatment. The curves shown have been smoothed by the three- 
point method of moving averages. It will be noted that the mortality 
was heavier in the group of embpros in which force was applied on the 
large end of the egg. This finding is in agreement with that of Knox 
and Olsen,^ who found that eggs, when struck on the large end before 
incubation, failed to hatch as well as either the controls or the group 
struck on the small end of the egg, 

» Knox, C. W., and Olsen, M. W. the effect op themulous air celi.s upon the uatchability of 
EGGS. Poultry lipi. 15: 345-348. 1936. 
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EFFECT OF EXPOSURE TO DYNAMITE BLASTS 

Groups of ejygs contMiuing embryos of the ages shown in figure 4 
were placed near areas where tree stumps were being blasted. The 
charges of dynamite placed under the stumjis ranged from 3 to 28 
sticks of 2()-percent gelatin dynamite. In this phase of the experi¬ 
ment, 755 eggs w ere subjected to tliis type of shock and G23 w^ere used 
as controls. The former were candled just jirior to treatment and 
then racked, small end uppermost, in an incubat-or tray and carried 
to the area where the blasting was being done. The eggs, with the 
exception of the groups treated on the eighth, ninth, and fourteenth 
days, were placed within 5 feet of a stump to be blasted and the tray 
tilted ill such a position that the force of the concussion would be 
exerted on the large end of the egg. To insure against damage from 
falling objects, the tray of eggs w^as covered wdth an empty incubator 
tray and tlnui was partly buried in the red clay soil. The treatment 
w as so severe that in many cases 20 to 30 percent of the shells of the 
treated eggs were tiroken. 



Fhj« ke 4 - Mortality aiiioiip embryos in okks subjected to shcx'k from various sired charges of 20-i)ercent 
gelatin dynamite (Numliors at top of bars indicate number of half-pound sticks of d> nainile used). 


The eggs in the groups treated on the eighth, ninth, and fourteenth 
days of incubation were racked, large end u}>, in the iiu'ubator trays 
and the tray jdaced upon the surface of the ground. Directly over 
the eggs and within 1 foot of them three sticks of 20-percent dynamite 
were suspended and discharged. This wnis done to discover whether 
the shock transmitted through the air to tlie eggs w^as as severe as 
when transmitted through the ground. 

After treatment all the eggs wrere carried back to the laboratory, 
where they w ere candled and those having broken shells were removed. 
The remainder were replaced in the incubator. The maximum time 
any grouj) of eggs was out of tlie incubator during treatment was 
30 minutes. The percentage of mortality of embryos in eggs that 
were not broken when subjected to this type of shock is shown in 
figure 4. The relative size of charges of dynamite used in each 
treated group is also indicated. Figure 4 shows the same general 
effect of this type of mechanical shock as was found in eggs which wwe 
shaken, jarred, or centrifuged. In the experiment wdth dynamite, 
however, the effect of the shock was cumulative and not so noticeable 
in mortality during the 72 hours following treatment as at the end of 
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the incubation period. The percentage mortality shown in figure 4, 
therefore, is the total mortality from time of treatment to end of 
incubation. However, this figure in general shows the same suscepti¬ 
ble period to mechanical shock, with 9io exception of the 8- and 9-day 
points, as shown in the other treated ^oups, that is, from the fourth 
to the fifteenth day of iticubation. Embryos in eggs subjected to 
shock on or after 15 days of incubation showed little or no effect due 
to treatment. The shock on the eighth, ninth, and fourteenth days, 
as previously pointed out, was transmitted to the eggs through the 
air instead of through the ground as in the case of the other treated 
groups. The charges of dynamite used to produce the shock at these 
points were smaller than those used on the other days of incubation. 
Either or both of these factors may help to explain the apparent 
discrepancy in the data. 

SUMMARY AND CONCLUSIONS 

The data presented show that chicken embryos can be killed by 
mechanical disturbances caused by jarring, centrifuging, or concussion 
of the air or ground. In addition, it is shown that einbjyos are more 
affected by mechanical shock from the fourth to the fifteenth day than 
at any other period during incubation. Mortality among embryos 
was caused chiefly by broken yolk sacs and ruptured blood vessels. 
In many cases, tremulous air cells were produced by the different 
treatments, especially when the force was applied at the blunt end of 
the egg, and in such cases mortality was heavy. The tremulous air 
cells, in eggs where the embryos survived the treatment, bectame fixed 
when the allantois attached again to the shell membrane. 

From the results of this e.xperiment, it is recommended that hatching 
eggs during the period from the fourth to fifteenth day be handled as 
gently as possible and that they be candled on or after the fifteenth 
day where this is practicable. 



THE VITAMIN A VALUE OF COLOSTRUM AND MILK OF 
FOUR COWS DETERMINED BY THE SINGLE-FEEDING 
METHOD > 

By M. M. Kramer, associate in food economics and nuiritiony Margaret D. Bair, 

graduate assistant, Bernk e L. Kunerth, nutrition technician, and W. H. 

Riddell, associate dairy husbandman, Kansas Agricultural Experiment Station 

INTRODUCTION 

wSome years ago colostrum was shown {2y to be higher in vitamin A 
value than milk produced later in lactation. More recently Semb, 
Baumann, and Steenbock {5), using physical-clieniical methods, have 
reported high vitamin A values for colostral butter. Dann (I) studied 
samples from 14 Milking Shorthorn cows, using colorimetric methods 
and, for the richest samples, biological tests also. He concluded that 
the colostrum may be 10 to 100 times as rich in vitamin A as later 
milk from the same cow. 

The physical-chemical methods of determining vitamin A and a 
precursor, /3-carotene, which have been developed in recent years, 
are useful and handy, but the biological methods remain fundamental, 
as they summarize total vitamin A activity of the vitamin itself and 
of any precursor or precursors (6*). 

PROCEDURE 

(\dostruin and milk samples for these experiments were obtained 
from four cows in the experiment station herd, fed the regular dairy 
herd ration, which consisted of a fair quality of alfalfa hay (about 
No. 2 grade), Atlas sorgo silage, and a grain mixture of yellow corn, 
bran, and cottonseed meal. Two of the cows freshened in late 
winter and received oidy the regular ration; the other two freshened 
in the spring and had access to rye pasture in April and May, for 40 
and 58 days, respectively, before freshening (table 1). 

Samples for the determinations were collected four times during the 
first week of lactation, at the end of the second week, and near the 
end of the fourth week. In this paper the collections made during the 
first two days were considered as colostrum. Each sample, represent¬ 
ing a 24-hour com])osite, was stored and kept in a frozen condition 
until fed. 

The single-feeding method of Sherman and Todliunter (7) was 
used for biological assay. Young rats of Wistar Institute strain, 
weigliing 88 to 40 grams, were depleted of vitamin A reseiwes and 
divided into groups of 10 or more, comparable in weight, sex, and 
litter. Single feedings of colostrum or milk were given as indicated in 
table 2 and negative control rats were maintained throughout. Caro¬ 
tene (4) (International standard for vitamin A secured tlirough the 
Bureau of Chemistry and Soils, United States Department of Agri- 

* Received for publication July 7, ltt;i7, issiieil March, 1938. Contribution No. 69, Department of Home 
Bconomias, and No. 113. Department of Dairy Husbandry. 

* Reference is made by number (italic) to Literature Citeil. p. 332 
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culture) was dissolved in an edible cottonseed oil and stored in the 
dark below 0^ C, until needed. Portions of this solution, equivalent to 
10 inicrograrns, 17 micrograins, and 34 microgranis of pure jS-carotene, 
were given as single feedings to the positive control animals to pro\ide 
data for carotene reference curves (fig. 1). 


Table 1. — Description^ lactation daia^ and composition of colostrum and milk of 

cows uaed 'in experiments 


Ration, cow mimber, and description i Day of lactation 


Standard dairy ration 

190, 7 years old, fifth calf Feh H, 1936, 
Holstein. 


241, 3 years old, .second calf Mar. 4, 
1935, Ayrshire 


Standard <iairy ration plus rye pasture 

220, 7 years old, fifth calf May H, 1935, 
Ayrshire. 


471, 0 years old, fourth calf Afay 20, 
1935, Ouern.spy. 


First- 

Sej'ond 

Fourth 

Sc\cnth 

Fourteenth 

iTwenty-sixth 

(First.. - 
Second.-- 
Fourth 
Seventh 
Fourleent h 
iTvicnty-fifth . 

( First.. 

Second .. 
Sixth- 
Twelfth . 
Twent> fifth 

!(First ... . 

I Se(‘ond 
Fouith.. 
Ninth. . 
j Sixteenth 
j Twenty-sixth 



-- 

— 


— 

1 Total 

flaily yield of - 

Milk contont 

1 Milk 

1_ 

Fat 

Total 

solids 

Fat 

Total 

solids 

1 Pounds 

Pounds 

Pounds 

Percent 

Percent 

\ 9 .5 

1) 3G 

1 64 

3 8 

7 27 

‘ 7 4 

29 

94 

.3 9 

12 76 

' 37 6 

1 84 

5 2:^ 

4 9 

13 91 

1 42 2 

2 4J 

6.14 

5 7 

14 ,54 

i 47 9 

5 25 

6 20 

4 7 

13 06 

, 44 0 

2 02 

5. 38 

4 6 

12 23 

! H 0 

41 

1 82 

5 1 

22 76. 

1 13 9 

1 24 

3 02 

9 0 

21 92 

! 2S 5 

1 3G 

4 29 

4 8 

15 05 

' 31 5 

1 51 

4 54 

4 8 

14 41 

' 32 5 

1 40 

4 32 

4 3 

13 28 

! 31 6 

i 45 

4 53 

4 2 

13 01 

1 11 0 

37 

2 49 j 

3 4 

22 66 

! 32 0 

; 1 G3 1 

6 39 1 

5 1 

19 98 

' 54 7 

1 2 63 i 

9 24 1 

4 8 

16 89 

1 56 H ' 

2 79 1 

1 7 92 1 

5 0 

11 19 

; 59 2 i 

2 84 1 

i 7 56. ! 

4 8 

12 77 

1 5 2 

1 

27 j 

i 

1 05 

5 2 

20 11 

i 18 5 

.94 I 

1 2 84 

5 1 

15 37 

31 G 

1 42 1 

4 33 

4 5 i 

13 69 

' 32 8 

1 74 1 

4 89 

5 3 1 

14 90 

33 4 

1 1 57 I 

t 56 

4 7 ; 

1 1.1 65 

1 32 8 

J 3H ! 

4.21 

4 2 1 

1 12 84 


None of the cows used was a first-lactation heifer (table 1). Dann 
{!) stated that colostrum from heifers tended to be richer in vitamin A 
than colostrum from cows, and he suggested that the difference may 
have been due to the fact that the vitamin A reserve of the heifer 
had not been diminished by previous lactation. The yields of colos¬ 
trum presented in table 1 are probably low because complete milking 
before the fourth day is frequently difficult and undesirable; hence the 
figiu-es given do not represent entire production. Beginning with the 
fourth day, however, the yields are complete. 

EXPERIMENTAL DATA 

In table 2 are presented data from biological assay, summarized 
and checked against the Ihteraational standard jS-carotene. In each 
group 10 or more rats were started but it was necessary to eliminate 
some from the summary; for example, the bloody colostrum of cow 
220, first and second days, seemed distasteful to the rats and many 
refused to eat their portions. The sex ratios of the groups, however, 
remained well balanced. The feeding experiments extended through 
about 9 months and included rats whose depleted weights varied from 
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80 to 105 gy the averaj^o for the pjroups ranpng from 89 to 96 grams. 
The areas under tlie composite curves (fig. 1) have been shown by the 
originators of the method (7) to be directly proportional to the vitamin 
A value of the single feeding. The re.sults of feeding carotene at 
three levels as indicated in table 2 show that tliis ratio of areas held 
for animals of the present series. Readings from the three carotene 



SURVIVAL (DAYS) 


Figurk 1. -Average gam or loss of rats which had been depleted of body stores of vifainm A and then given 
a single feeding of colo.striiin or mllg from cow i9o or of carotene in quantities indicated. 

reference curves indicate that 2.47 micrograins of pure i3-oarotene 
(equivalent to 4.10 International Units) was responsible for an area 
of 1 square inch. These figures were used to calculate the vitamin A 
value of 1 g. of each sample in terniwS of both jS-carotene and Interna¬ 
tional Units. 
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Table 2. —Vitamin A values of colostrum and milk deterrnined by the single-feeding 

method 
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92 

34 

< 13 67 




Negative *. . 
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25 

1 

93 
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' The first sample iii each case was collected on the day of fresheninR. 

* 1 square inch «2.41 microprams of pure ^1-carotene. 

31 square inch-2.48 micrograms of pure /9-caroteiie. 

< 1 square inch—2 63 micrograms of pure /S-carotcne. 

Average-- »2 47 micrograms of pure ^-carotene =»4.10 Internatioiml Units. 


When comparisons were jnade on the basis of the vitamin A value 
per gram (table 2) the secretions of the first or second day of lactation 
were highest. The two cows receiving pasture supplement produced 
the richest samples of colostrum testexl, containing 25 and 28 Inter¬ 
national Units of vitamin A per gram. This is consistent with ac¬ 
cepted findings {S), The vitamin A value per gram of sample dropped 
rapidly during the first days of lactation (fig. 2, />), and by the end 

of the first week approached the level maintained during the remainder 
of the first month. The first samples secured from these two cows were 
16 to 20 times as potent as the normal milk at the end of the month. 
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The richent samples secured from the two cows on the imsupple- 
mented ration contained 16 to 20 International Units per g:ram. 
As in the other cases, the vitamin A value decreased rapidly (fig. 2, 
Ay C), After the first week these cows produced milk containing about 
2 International Units per gram. Sherman (6*) summarized data from 
many sources and reported the vitamin A value of cow^s milk to be 
2.92±().12 International Units per gram. 

The rapid drop in vitamin A value per gram of sample as lactation 
progressed was paralleled by the drop in vitamin A value of the total 
yield per cow per day (fig. 2). The low^ vitamin A value for the total 
yield of cow 190 on the second day of lactation was probably due to 



Fi^a KK 2 -- Vitamin A value of colostrum and of milk per pram and per du> 1, Cow 190, Uolslein, no pas¬ 
ture supplement; H, cow 471, < luernse>, r>e pasture supplement, C, cow 241, A> rshire, no pasture supple¬ 
ment, P, COW' 220, .^yrvshire, rje pasture supplement 

difficulty in obtaining colostrum. Toward the end of the first week, 
the curve of vitamin A yield per day flattened out for each cow 
(fig. 2). It is interesting to note that cow^ 190, a Holstein receiving no 
pasture, maintained a daily vitamin A output higher than that of 
any of the other cows. 

SUMMARY AND CONCLUSIONS 

Samples of colostrum and milk were collected at intervals during 
the first montl} of lactation from two cows on the regular dairy herd 
ration and from two cows on this ration supplemented with rye 
pasture. The total vitamin A values of the samples were determined 
by the single-feeding biological method. Reference curves were 
secured by feeding standard carotene to positive control rats. 

The secretions of the first or second day were ricliest in total vitamin 
A value, 25 and 28 International Units per gram for the cow s receiving 
rye pasture supplement and 16 and 20 International Units for the 
others. By the fourth day of lactation there was a considerable drop 
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in the vitamin A value per gram of sample. In general the vitamin A 
value of the milk remained much tlie same from the seventh day to 
the end of the experiment, approximately 2 International Units per 
gram. It is interesting to note that one of the cows that received no 
lye pasture supplernent maintained tiie highest level of vitamin A 
value per gram of milk throughout the month. 

When comparisons are made on the basis of total production of 
vitamin A per day, the largest total output was found on the first 
or second day of lactation. Again the cows that received the rye 
pasture supplement exceeded those that did not, the maximum pro¬ 
duction of the former being 178,000 and 162,000 International Units 
and that of the latter 70,000 and 128,000. The rapid drop in vitamin 
A value per gram of sample as lactation i)rogre‘ssed was paralleled 
by the drop in vitamin A value of the total yield per cow per day. 
One cow receiving no supplement maintained the liighest level of 
vitamin outpxit during the latter part of the month, in general, the 
vitamin A value of the total daily production was near the same level 
from the end of the first week until the end of the month. 
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VITAMIN G (RIBOFLAVIN) CONTENT OP COLOSTRUM 
AND MILK OF COWS DETERMINED BIOLOGICALLY* 


By M. M. Kramer, associate in food economics and nutrition, Inez Gardner, 

graduaie assistant, Bernice L. Kunerth, riuintion technician, and W. H. 

Riddeel, associate dairy husbandman, Kansas Agricultural Experiment Station 

INTRODUCTION 

Crow’s milk is rooogiiizod as a valuable source of vitamin G, but the 
influence of the individuality of the cow and the stage of lactation on 
the vitamin G content of milk has not been established. This study 
deals with the vitamin G (riboflavin) content of milk with special 
reference to the influence of these two factors. 

PROCEDURE 

Twenty-four-hour composite samples of colostrum and milk were 
obtained from four cows (table 1) that received the regular dairy herd 
winter ration, consisting of a fair quality of alfalfa hay (about No. 2 
grade), Atlas sorgo silage, and a grain mixture of yellow' corn, bran, 
and cottonseed meal. All the cow^s in the experiment freshened in the 
fall and winter and had no access to pasture in the ])eriod immediately 
})receding or during the colleidion of samples. The samples were 
stored at a temperature below^ 0^ i\ until used, as Grayson (6*) ^ has 
shown that there is no deterioration in the vitamin G of milk during 
storage if (he milk is k('pt frozen. The first samples (series 1), col¬ 
lected on the first, or freshening day and at the end of the first month of 
lactation gave results indicating superiority of colostrum in vitamin G 
content. Series 2 was then planned, with an additional collection on 
the fifth day, to show" rate of decline in vitamin G potency of milk. 
Previous studies in this laboratory had indicated that the vitamin A 
value of milk at the fifth-day level is ai)proaching normal. 

Table 1.— J)escripiion, lactatwn data, and composition of colostrum and milk of 

coins used in experiments 


Sourcp of siniipU’ 

('ow no and dcscnptjoii 

lis, H years o»<l, i5e(;(»nd calf, Uol- 
stein 

4 years old. third calf, Jersey 
197, 6 jears old, fourth onlf, Holst< in. 

378. 3 years old, .second calf, Jersey.. 



» Received for publication July 7, 1937; issued March, vm Tontribution Xo. 70, Department of 
Home Kconoiuics, and No IH, Depnrtrnent of J^airy Husbandry 
* Reference is made by iumil)er (itnlk) to Literature Cited, p 237. 
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The biological method of Bourquin and Sherman (S) was used for 
vitamin G (riboflavin) assay. Extensive investigation of the compo¬ 
nents of vitamin G (B 2 ) has aroused concern regarding the validity 
of methods of biolomcal assay, but Booher, Blodgett, and Pago 
and, more recently, Bisbey and Sherman (/) have confirmed the accu¬ 
racy of the Bourquin-Shennan (S) method. All rats (Wistar Institute 
strain) were kept in cages with raised screen floors and checked daily 
so that no animal consuming excreta would be retained on experiment. 
The rats of series 1, having been kept on stock diet until 4 weeks of age 
(S), were larger and older than those of series 2. The rats of series 2 
were fed the stock diet only until they had reached weights of 38 to 40 
grams; this procedure was in accordance with the suggestion of Roscoe 
(10), who used 30- to 40-gram rats, Supplee et al. (11), who used 
animals 20 to 26 days old and preferably 40 to 45 grams in weight, and 
Prunty and Roscoe (9), who used rats weighing 35 to 50 g. Lassen 
(7) also preferred 3 weeks to 4 weeks old rats as they were more 
uniform in size and varied less in subsequent response. Depleted 
weights for rats of series 2 were correspondingly lower. Samples to 
be assayed were fed in daily portions as indicated in table 2. Ribo¬ 
flavin “ (lactoflavin, PX grade) was fed as a standard for reference, 
and herd milk was given to another group of rats for comparison. 
Negative controls were maintained throughout. 

Table 2.- - Vitamin G(riboflavin)content of coloatrum and milk determined biologically 


Source of sample 


Series and 
cow 

number 


Day of lac* 
tat ion 


Senes l * 

118_ 

373_ 

Series 2 

197« 

378. .. 
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fist-. 
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tUOth .... 
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JLactodavin (Labco 

rx). 

Negative controls. 
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11 

38 

48 
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11 

39 

46 
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2 1 

6 5 

3.3 
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2 3 
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45 
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6.0 

2 0 
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39 

49 
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39 

46 

±0 

.... . 




> Micrograms. 


EXPERIMENTAL DATA 


At present it seems desirable to estimate vitamin G as micrograms 
of riboflavin (table 2) by comparison with the flavin reference curve. 


• Secured from Bordon Co, 
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No flattening of this cui've occurred to suggest an unknown limiting 
factor in the vitamin O-free diet. 

Judging by the composite growth curves of the rats (fig. 1), 1 g 
of first day colostrum, 2 g of fifth-day, and 8 g of thirtieth-day milk 
contained comparable amounts of vitamin G. The richest sample 
studied was the colostrum produced by cow 197, containing 6.7 
micrograms per gram, while the other colostral samples had estimated 
values of 4.2 and 4.5 micrograms per gram (table 2, fig. 2). The two 
fifth-day samjiles were less potent than colostrum protluced by the 
same cows, containing only 8.7 and 8.8 micrograms of flavin per gram. 
Differences in vitamin G content of samples due to stage of lactation 



are more pronounced than differences between samples of the four 
individual cows at the same stage of lactation. 

Milk of the thirtieth day was still less potent, containing 1.7 to 2.4 
micrograms of flavin per gram, with an average of 2.1, which is similar 
to 2.0 micrograms, the estimated value of hcnl milk. The vitamin 
G content of herd milk was, therefore, about 1,950 micrograms per 
<|uart. Other work (5) indicates that the flavin content of milk may 
be 2 to 8 micrograms per milliliter. MacLeod et al. (8) concluded 
that milk from the Walker-Gordon daily contained 0.8 of a Bourquin- 
Shennan unit of vitamin G per gram. Day and Darby (0 have 
suggested that a Bourquin-Sherman unit equals 4 micrograms of 
lactoflavin, a ratio consistent with findings in this laboratory. On 
this basis, the \Vnlker-(xordon milk contained 1.8 micrograms per 
gram, while pasteurized milk available in New’^ York City contained 
3 micrograms per gram, according to Todhunter (7;^). 

Total 24-hour yields of vitamin G for each of the four cows used 
in the investigation W’^ere estimated for the stages of lactation studied 
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and recorded as thousands of microgranis. The yields of vitamin G 
from the four cows for the first day of lactation wore similar, 12,000 
to 14,000 micrograms. These values are probably low because of the 
inadvisability of complete milking. Data from only two cows were 
available for the fifth day, and these showed a marked differomH^ 
(fig. 2). However, it is interesting to note that each (‘ow produced 
somewhat more vitamin G on the fifth day than on the thiitieih day, 
with cow 197 higher each time. This cow, a Holstein, excelled in 
other wavs. At the end of the first month of lactation, when she 
was yielding more than twice as much vitamin G (69,000 micrograms) 
per day as the mean production of the other cows (32,000 micrograms), 
she also produced 81 percent more milk, 51 percent more butterfat, 



STAGE OF lactation ( DAYS ) 


B’igurk 2 “-Vitamin G (rilioflavin) per grara and per daily yieJti of colostrum and milk .1, Cow No J18 
series 1; iJ, cow No. 197, series 2; C’, cow No. 373, senes 1; JJ, cow' No 378, series 2. 

and 43 percent more total solids than the other cows. In contrast 
to the drop in vitamin G content per gram of milk as lactation pro¬ 
gressed, the total daily output of the vitamin per cow increased 
owing to the increase in the yield of milk. The relationship of content 
per gram to total yield of flavin is presented graphically in figure 2. 

SUMMARY AND CONCLUSIONS 

Twenty-four-hour samples of colostrum and milk from two «Jersey 
and two Holstein cows on the first, fifth, and thirtieth days of lacta¬ 
tion, together with a sample of herd milk, were tested for vitamin G 
(riboflavin) content by oiological assay. Flavin reference curves 
were used to estimate the vitamin G content per gram of sample. 
The vitamin G content of milk from individual cows at the end of 1 
month of lactation and also a composite herd sample was estimated 
as about 2 micrograms per gram, or 1,950 micrograms per quart. 
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The sainplovS of fifth day milk tested were ap})roximately 50 percent 
richer in vitamin G than the later milk from the same cows or the 
regular herd milk. First-day colostrum was richest in vitamin G 
and was estimated to contain 4.2 to 6.7 niicro^rams per gram. A 
gram of colostrum, 2 g of fifUi-day milk, and 3 g of milk at the end 
of tlie first month of lactation gave approximately the same total 
gains in w^eight for the groups of rats fed, indicating a similar vitamin 
G content. 

On the first day of lactation the cow\s all yielded somewhat more 
than 12,000 micrograms of vitamin G. The largest total daily out¬ 
puts were on the fifth day for the cows from w Inch such samj)les were 
saved, hut these totals approached the yields for the thirtieth <lay. 
t)n the thirtieth day of lactation three cow's produced about 32,000 
micrograms each, while the other cow', a high milk producer, yielded 
twice this amount of vitamin G. 
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LIFE SPAN AND MORPHOLOGY OF FIRE BLIGHT BAC¬ 
TERIA AS INFLUENCED BY RELATIVE HUMIDITY, 
TEMPERATURE, AND NUTRITION' 

THy H. U. Rosen 

Professor of plant pathology^ Arkansas Agricultural Ex pen mf yd Station 
INTRODUCTION 

The })roblom concerning the sources of inoculiini for the earliest or 
primary fire blight on apple and pear trees in the Ozarks of Arkansas 
remains obscure. Unlike more northern and western fruit-growing 
areas, where excellent evidence has been found for the overwintering 
of the [)athogen in formerly blighted limbs and twigs and its dissemi¬ 
nation from such hold-over blight to blossoms and twigs, no such evi¬ 
dence has been fouiul in the Ozarks (/i, IS, 14)-^ This should occasion 
no surprise. The marked difbuxuK'es in climatic conditions, in length 
of growing season, and in varieties grown must undoubtedly have 
some influence on the variation of the life of the pathogen. Tfce rela¬ 
tive scarcity or absence of fire blight west of the C'ascades is well 
kn(»wn, in (*ontrast to its prevalence in fruit-growing areas east of this 
mountain range, and as IleakI (7) has noted: 

* * suflick'iit time haw elapsed since its arrival in the coast country for it 

to have become prevalent in ^\estern Washington, lienee it seems possible that 
climatic factors are nnsponsible for its absence from this section. 

In an effort to discover the sources of inoculum for early spring in¬ 
fections in the Ozark region, various lines of investigation have been 
pursued, including the possible overwintering of fire blight bacteria 
within beehives (13) and the overwintering of ba(*terial exudate either 
on parts of the trees above ground or in the soil (f 6*). However, none 
of the evidenct^ deduced from the.se studies is conclusive (iJ, 10), The 
problem is still unsolved, not only for the Ozarks of Arkansas but for 
the Southern States as a whole, although the use of open-blossom 
sprays by the writer (14) has been based on the assumption that the 
first spring blight is occasioned mainly by the dissemination of the 
bacteria by blossom-visiting insects, especially bees. 

It is clear, however, that without knowledge of the influence exerted 
by various combinations of climatic and nutritional factors on the life 
oJ this parasite, conclusions relative to the longevity and prevalence 
of bacteria drawn from such tests as artificial contamination of bee¬ 
hives, attempted isolations from infested hives, and isolations from 
insect bodies, soil, or diseased tree parts may have very restricted 
significance and at best be applicable only to local or purely artificial 
conditions. To gain riiore definite information on the influence of 
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important climatic factors and to a limited extent of nutritional factors 
on the life of the organism, investigations reported hero were under¬ 
taken. A special effort was made to study the behavior of the bac¬ 
teria in naturally occurring exudate rather than their behavior in pure, 
artificial cultures, although the latter were used for comparison. 

REVIEW OF PREVIOUS WORK 

Since a review of the older literature pertaining to the influence of 
dryness on the longevity of the fire blight organism, Krwmla amylovora 
(Burrill) Winslow et al. {Bacillus amylovarm), has been presented 
previously {16), there is no need of duplicating it here. In that paper 
evidence was presented to show that the bacteria in the form of exu¬ 
date derived from blighted tissues are very much less sensitive to dry 
air than had generally been supposed; and that at a controlled relative 
humidity approaching zero they were found to be alive at the end of a 
year under laboratory conditions of fluctuating temperatures and 
reduced light. Likewise, it was reporte<l that exudate kept outdoors 
in corked vials, under uncontrolled light, iemj>eraturo, and humidity 
conditions, yielded dead bacteria in short order, and that the organ¬ 
isms in the iorm of hardened exudate left in place on a (tinkered jiear 
trunk exposed to direct sunlight also died within a few days. 

Good evidence has very recently been presented by Parker {10) 
confirming the findings relative to the longevity of Erunnm amylorora 
under dry conditions, and adding to our knowledge concerning the 
combined influence of temperature and humidity. Using tem]>era- 
tures of 31°, 52°, and 70° F. and both very dry conditions, maintained 
by the use of calcium chloride desiccators, and more moist conditions 
in open dishes, he found that bacteria derived from exudate lived at 
least 52 days, the last day of testing, at 31° and 52°, and at least 45 
days at 70^, all under dry conditions, while under more moist condi¬ 
tions in open dishes they were shorter lived. 

Ark {1) has also reported very recently on studies of fire blight 
bacteria which included the influence of dryness on the life of tlie 
bacteria. First he reports very briefly that he “was able to isolate 
viable bacteria from bacterial exudate kept in a vial in a dry labora¬ 
tory closet for 2 years and 10 months.'^' Whether these bacteria were 
tested for pathogenicity is not stated, and one wonders what tests were 
used to determine if the isolated bacteria actually represented Ermnm 
amylovora. However, he performed two additional experiments in¬ 
volving the influence of dryness, though both were primarily con¬ 
cerned with discovering differences in reaction of different isolates. 
Using four isolates derived from unlike hosts and from diverse parts 
of the United States, he grew them in beef-extract agar, suspended the 
grow^ths in a saline solution, and tested for the influence of dryness by 
smearing a drop of the bacterial suspensions on cover glasses main¬ 
tained at difierent degrees of dryness. The bacteria survived from 
18 to 36 hours, the latter period representing the longest utilized. 
“The degree of humidity seemed to be of no significance as far as the 
longevity of E. amylorora is concerned in tiiis experiment,'^ he con¬ 
cluded. In a second experiment, which also involved artificial culture 
media, gauze strips suspended in broth cultures were removed after 
48 hours of ^ow^th, the strips hung in large sterile test tubes, and 
pieces cut off and cultured from time to time. Two isolates were 
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found to be nonviable after 6 days, a third after 4 days, and the fourth 
after 10 days. He reported: 

Both of the experiments were repeated and in each case the same results were 
obtained. Thus, it is safe to conclude that different degrees of susceptibility to 
dryness exist among isolates of Erwinia amylovora * * * 

Ark makes no comment of the amazing discrepancy in longevity 
under dry conditions shown in his t.est of viability of bacterial exudate 
compared with his tests of pure cultures. 

So far as studies on the influence of temperature are concerned, 
most of these have in the past involved pure cultures, usually main¬ 
tained in beef-broth or synthetic media in which the standardized 
procedure of determining maximum, optimum, and minimum tem¬ 
peratures for growth was follo>ved and little attention paid to the life 
span of the bacteria at the dilferent temperatures. With the exception 
of the very recent paper by Ark (/), these fomier temperature studies 
have been reviewed (14i P- 4)- Ark followed the saine procedure 
used by previous investigators and obtained comparable results. 

With reference to nutritional factors influencing the longevity of 
this organism, the writer has no luiowledge of earlier work. At times 
it has been assumed that fire blight bacteria grown in beef-broth or 
nutrient agar will be comparable, morphologicall}^ and ])hysiologically, 
to those growing wdthin apple or pear tissues, and such tests as apply¬ 
ing beef-broth or agar cultures to beehives followed by attempts to 
reivsolate the i)arasite after varying intervals of time from the hive 
have been used with the assumption that the data obtained would be 
comparable to those resulting from the transfer of bacteria from a 
pear or apple blossom to the hive by a honeybee. That differences 
in nutrition—as exemplitied by growrth in beef-broth or nutrient agar 
compared wdth bacterial grow th in natural host tissues, or in nectar—■ 
might conceivably yield wholly unlike results in physiological response 
as w’ell as in morphology had not, to the writer^s knowledge, been 
entertained. 

Since part of the investigations herein described concerns differences 
in morphological response, particularly that which deals with the 
presence or absence of a capsule, sheath, or slime formation, several 
investigators report the absence of capsules for this species of 
bacteria {5, 8, 19), 

MATERIALS AND METHODS 

The bacterial exudate utilized consisted of four collections. Lot 1 
was made up of the exudate placed over concentrated sulphuric acid 
on June 11, 1934, used iu earlier work (16) and continued in these 
investigations. 

Lot 2 consisted of exudate gathered on May 21 and 28, 1935, from 
freshly blighted shoots and blossom clusters of Jonathan apple trees 
located in a commercial orchard near Rogers, Ark. This material was 
kept in a refrigerator overnight and placed the next day in small, 
paraffin-covered paper baskets suspended in 200-cc bottles over con¬ 
centrated sulphuric acid having a specific gra\Tty of 1.835. Most of 
this exudate wdien gathered was in the form of small, milky, or light- 
brown droplets which had not fully hardened and were still quite 
viscid. Jn many instances it was found necessary to scrape the 
epidermal hairs of the young twig, petiole, or pedicel, so that the drop¬ 
lets of exudate as placed in the bottles were often enmeshed in these 
hairs. No attempt was made to sterilize the bottles or to remove the 
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exudate from the blighted material under aseptic conditions, since one 
of the objectives of these investigations was to determine the longev¬ 
ity of fire blight bacteria in the presence of naturally occurring, 
competing, or antagonistic micro-organisms that might be present in 
the orchard. 

On June 21, after the material had been kept under the same condi¬ 
tions of relative humidity, temperature, and light for a period of 3 to 
4 weeks, and had reached the same degree of diyness, as measured by 
the specific gravity of the sulphuric acid, it was divided and treated 
as follows: 22 divisions were made to be kept under as many com¬ 
binations of relative humidity and temperature. To obtain different 
relative humidities, various concentrations of sulphuric acid-water 
mixtures were made, the physical table presented by Wilson {21) 
being used as the guide. Specific-gravity determinations used as a 
check on the theoretical computations indicated that the following 
relative humidities were obtained: 0, 9.5, 21, and 45 percent. The 
amount of sulphuric acid or sulphuric acid-water mixture utilized, the 
placement of the open baskets, the size of the bottles used, the scaling 
of the rubber stoppers with melted paraffin, ail followed the same 
methods described in the fonner article (10), For the exudate kept 
at approximately zero relative humidity, six bottles were used, one 
for each of the following temperatures: i(>°, 25°, 30°, 35°, and 40° C., 
and outdoors (lluctuating temperature). The last bottle was tied in 
a wire basket and suspended from an upper limb of a large apple 
tree. The other three relative humidities, in combination with the 
different temperatures noted, were utilized as in the zero relative 
humidity, except that insufficiency of exudate did not permit using 
the outdoor temperatures for all the relative humidities. 

I^ot 3 of exudate was gathered on May 19,1936, from freshly blighted 
Bartlett pear shoots. It was immediately placed over concentrated 
sulphuric acid, allowed to harden thoroiiglily, and on June 15, 1936, 
divided into two parts, one placed over an acid-water mixture yielding 
an approximate relative humidity of 45 percent, and the other over 
concentrated sulphuric acid, specific gravity 1.835. They were then 
transferred outdoors into United States Weather Bureau-type housing. 

Jjot 4 of exudate was also gathered from freshly blighted Barlett 
pear shoots on July 30 and August 3 and 14, 1936. It was placed 
over concentrated sulphuric acid on each date of collection and kept 
at laboratory temperatures until September 4, 1936. On that date 
the thoroughly hardened droplets were divided into three parts, 
placed in bottles fontaining sulphuric acid-water mixtures which 
yielded relative humidities of approximately 50, 75, and 90 percent, 
and were kept at 25° C. for 5 days. They were then taken outdoors 
and placed in the United States Weather Bureau-type housing. 

As previously noted, ihe bacterial exudate in the different lots was 
first placed over concentrated sulphuric acid, so that all of it would 
be brought to approximately the same degree of drjness. It seemed 
essential to have all the material as uniform as possible relative to the 
amount of moisture present, prior to its use for experimental purposes. 

In order to study the influence of dry air and different temperatures 
on Erwinia amylovora when present within blighted host tissues, 
freshly diseased twigs and leaf petioles of Jonathan apples were 
gathered on May 21, 1935, in the same orchard from which exudate 
was obtain^. Tlie day after the material was gathered it was cut* 
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into lonj 2 :ths varying approxiniatoly from oiie-fmirth to throe-eighths 
inch, so that it coiihl bo accommodated in the small baskets kept over 
the acid. An effort was made to use only fresh infections; all material 
tiiat showed signs of hardening of the tissues and last stages of blight 
development were I'ejected. However, subsequent tests revealed 
that some of the material, in addition to harboring E. amylovora, was 
also the seat of nonpathogenic, yellow bacteria—rather common 
followers of fire blight bacteria within diseased tissues {12 )—and 
hence was not representative of strictly fresh infections. Fortunately 
the number of pieces showing such secondary invasion was not large. 

This diseased material was divided into tw^o lots, both placed over 
concentrated acid, but one w^as ke]>t in a bottle placed outdoors and 
suspcmded from an apple limb in the same manner as described for 
the bacterial exudate kept outdoors, and the other was kept under 
laboratory conditions. 

The pure cultures of Erminia amylorora used for these tests were 
made up as follows: A recent isolate which had proved to be highly 
virulent in artificial infection w as replated on nutrient dextrose agar, 
and after 48 hours incubation, a single vigorous colony w as transferred 
in the form of smears on a plate of the same medium used previously. 
After 48 hours, a second set of smears w as made, again on the same 
medium, and also transferred to tubes of nutrient dextrose broth. 
After 48 hours^ growth, the smears, together with the underlying 
iruHlium, were cut into blocks approximately 1 cm square, and imme¬ 
diately ])laced to dry in open baskets over concentrated acid in corked 
and sealed bottles. At the same time, one of the tubes of broth wdth 
48 hours^ grow th was employed for tessting the pathogenicity of the 
isolate. Several healthy, succulent Bartlett pear shoots w^re injected 
with the bacterial suspension, and within several days all inoculated 
shoots showed characteristic blight symptoms, while uninoculatcd 
controls remained free. 

At intervals following the placement of the different materials in 
the various relative humidities and temperatures, parts were removed 
and treated as follows: A droplet of exudate was placed in approxi¬ 
mately 0.2 to 0.5 cc of sterile distilled water, resulting in a very heav 3 ^ 
bacterial susj)ension, which w^as injected with a sterilized hj^podermic 
syringe into healthy succulent Bartlett pear shoots; or cultures were 
plated out and single-colony transfers used for injecting pear shoots, 
in the first few- series of trials injections were made from single-colony 
transfers but this was found to be unnecessary because it w^as dis¬ 
covered that whenever viable Erwlnia amylopora. were present in 
sufficient numbers to induce infections, direct injections of the original 
exudate suspended in water w^ere just as reliable in testing the presence 
of live bacteria as the more cumbersome plating-out, single-colony 
transfer, and final injection method. Furthermore, in plating out, 
there is always the danger of losing any relatively slow^-growdng path¬ 
ogen. In both cases the final proof for the viability and infectivity 
of the bacteria was based on the presence or absence of typical fire 
blight symptoms a few days following the artificial inoculations and 
on the presence or absence of E, amylovora in the infected tissues. 
If no fresh exudate appeared on the artificially infected tissue, the 
latter was surface-sterilized, washed in sterile water, and used for a 
series of poured dilution plates. When typical colonies appeared, 
single ones were re-isolated and again used for inoculation. 
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To <leteriniuo the presence of viable bacteria within diseased tissues 
kept under the conditions indicated previously, several pieces were 
removed at different times, soaked and mashed in sterile water, and 
then used in a similar manner for testing the presence of viable bacteria 
as in exudate. Likewise, to test the viability of bacteria on the agar 
sheets (pure cultures), several of these were removed from the bottles 
at any one test, allowed to form heavy bacterial suspensions, and 
injected into healthy succulent Bartlett pear shoots. 

All inoculations were made on trees growing in a greenhouse, and a 
sufficient number of uninoculated control shoots were at hand for 
comparative purposes as each test was undertaken. No infections 
occurred on the controls during any of the trials. 

To determine the viability of lire blight bacteria in honeycomb, 
commercial honey encased in a wooden frame with the comb in place 
was obtained. On October 3, 1936, minute droplets of fresh, sticky 
exudate obtained from blighted Bartlett pear shoots, were introduced 
into the honey cells, care being taken to see tliat each droplet was 
immersed in the honey. Likewise, small, 3- to 5-mm pieces of freshly 
blighted leaf petioles were immersed in other honey cells on the same 
date in order to determine any difference in reaction between the 
bacteria present in exposed exudate and those within blighted tissues. 

EXPERIMENTAL RESULTS 

Table 1 presents the results of these tests. The following additional 
data pertain to the materials and experimental conditions shown in 
table 1. 

With reference to the four lots of exudate kept at the temperature 
recorded at 16° C., temperatures were road and recorded three times 
each week day—a procedure follow^ed for all the different recorded 
temperatures shown in table 1. The readings for the 16° temperature 
showed but slight variation, the lowest being 15° and the highest 18°, 
the average or mean temperature being 16° and with only occasional 
variation from that figure. The material was kept in an incubator, 
especially useful for controlled low temperatures. 

The different relative humidities were checked by means of hydro¬ 
meter readings shortly after the last tests were made for viability and 
infectivity. These readings were interpolated between those presented 
in Stevens’ table (18) in which various specific gravities of sulphuric 
acid-water mixtures are recorded in terms of relative humidities. The 
results of these comparative readings of the initial relative humidities 
and those obtained more than a year later are presented in table 2. 

The temperature of 25° C. recorded in table 1 is only roughly 
accurate. The incubator utilized for this temperature held a fairly 
constant temperature when the laboratory temperature did not exceed 
25°, but gave no good control at high laboratory temperatures. ^ Daily 
readings throughout the period of investigation show that during the 
summer and early fall the readings fluctuated from 25° to 32°, although 
throughout the remainder of the year the temperature of 25° was 
fairly well maintained. 

The 30° C. temperature shown in table 1 was held fairly constant 
in an incubator throughout the period of testing, with only sl^ht 
fluctuations, which were usually of short duration. The fluctuations 
varied mainly from 28° to 32°, with one reading recorded at 36°. 



Feb. 15, 1938 Life Span and Morplwlogy oj Fire Blight Bacteria 


245 


The 35° storage temperature shown in table 1 was fairly well 
maintained in an incubator. The fluctuations varied from 32.5° to 
40°, these being extremes. Most of the recorded fluctuations were 
between 34° and 36°. 

Table 1. — Viability and tnfeclivdy of Knvinia ainylovora kept at various relative 
hutnidities and temperatures in the form of exudate, within diseased tissues, and 
as pure cultures 


i)c of material 
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'Pemiiera- 
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Days vi¬ 
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infect urns i 
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3 351 
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3 270 
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I' 7 

Agar ciillurc.. 
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Exudate. 

0 
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E.xudate Ill honey .. , 

(12) 

(‘b 1 

ID 22 

Diseased tissue in 

(U, 

(“) i 

121 

hone> comb 
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Nonvia1>le at any time tested 
(dates of tests) 


Jan 22. Feb 11, May 4, July 29, July 31, 
Aug 7 and 13, 1939 


Jan 14, Fob 11, May 4, Aug 18 and 29, 
1930; Jan 10, 1937. 


Dee In, 1935, Feb 11, May o, Aug. 21 and 
27. 1930 

Dee 27, 19,35; Jan 14, Ma> 25.1930. 


Jan 15, Feb. 12,1930 


1 This consists of the length of tune in hieh viable and iiifeetious baeteria were found in the dilTerent 
materials kept under designated humidity and temperature conditions, llgured from the time that the 
material was first jdaced at the allotted huini<lily and temperature to the last date utilized for testing 

* No material remained for testing after the number of days indicated 
No tests were made beyoiul the nuniher of days indieated. 

♦ jSIatorial not tested after 409 days 

® The material included in this test T^as accidentally de.stroyed early in the work 
'I'ests made at the end of 420 and 444 days showed no viability. 

’ Outdoors (weatherhousing). 

® Tests made at the end of 428 and 431 days show'ed no viability. 

® Tests made at the end of 341 day.s and all later ones showed no viability 
J*' Outdoors (apple tree) 

Tests made at the end of 237 days and beyond showed no viability 
»» Fluctuating. 

Laboratory. 

Outdoors. 

Material was Inadvertently destroyed shortly after the la.st date of testing. 

Tests made at the end of 124 day.s and beyond showed no viability. 

Tests made at the end of 22 days and beyond showed no viability. The e.xudate at this constantly high 
relative humidity became coated with saprophytic molds within a few days time. 

^0 over concentrated acid from June 12,1934, to Feb. 11,1936, when it was e.vhaustcd. 

If made at the end of 92 days and beyond showed no viability. 

Tests made at the end of 266 days showed no viability. 


The 40° C. recorded in table 1 was also held fairly constant in an 
incubator, the usual fluctuations varying from 39° to 41°. Extreme 
fluctuations occurred on 4 different days, on 3 days when the tem¬ 
perature reached 44° and on another when it dropped to 28° (but 
restored in a few hours to the desired temperature). 
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As noted in table 1, the number of days in which the various 
materials showed the presence of viable and infectious bacteria repre¬ 
sent the elapsed time from the placement of the materials under the 
designated controlled conditions to the date of the last test. This 
does not represent the ultimate length of time that may be involved 
in the longevity of Erminia amylovora under those conditions in which 
the bacteria were found to be viable in the last test made. 

Although an eflort was made to use approximately equal quantities 
of inoculum for each viability test of exudate, in practice this was 
found to be impossible because of the variation in size of the droplets 
of exudate and the presence of epidermal hairs of host tissues to 
which many of the droplets were attached. 

The exudate kept under fluctuating laboratory temperatures and 
under approximately zero relative humidity represents a continuation 
of the tests of the same lot of material presented in a former article 
(16). At the end of 610 days, the last date of testing, the material 
was exhausted. 


Table 2.*- Comparison between initial relative humidities and those present more 
than a year later at different temperatures 
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It is to be noted in table 2 that the relative humidities obtained 
more than a year after they had been made up show slight difference 
or none at all from the initial ones. This is to bo exj)ected since the 
amount of moisture present in the droplets of exudate, or even in the 
blocks of agar cultures or host tissues, must have exercised an insig¬ 
nificant effect on the relative humidity in any one bottle because of 
the comparatively large volume of concentrated sulphuric acid or 
mixtures of this acid and water present. Likewise, the use of rubber 
stoppers and the immediate sealing with hot paraffin after material 
was removed for any one test may be expected to prevent any marked 
influence of air humidities on those present in the bottles. The 
breaking of the paraffin seal, the removal of material, and the recork- 
ing and resealing were conducted as quickly as possible. At all tests 
these were performed in a small, dry, completely enchased transfer 
chamber. 
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LONGEVITY OF BACTERIA IN FREE EXUDATE 

Evaluating and interpreting the results shown in the tables, first 
with reference to the exudate kept under controlled temperatures and 
under various relative humidities, one notes that at 16® C. the exu¬ 
dates at the four difierent relative humidities still yielded viable and 
infectious bacteria more than a year after the initiation of the tests. 
This is in contrast with the exudates kept at the higher temperatures 
in which the bacteria were found to be dead in the first tests at a 
relative humidity of 45 percent, while at the lower relative humidities, 
from approximately 0 to 21 percent, the bacteria were viable at all 
the temperatures utilized, including that of 40® C. for long periods. 
Obviously, relatively high temperatures, unless accompanied by 
moderate or high relative humidities, do not seem to possess any 
marked germicidal action against the fire blight organism when in the 
form of natural exudate. In other words, so far as temperature is 
concerned, Erwinia, amylot^ora can live for long periods as exudate 
under very diverse temperatures, but is relatively short-lived at 
moderate or high temperatures when the relative humidity is moderate 
or high. In the presence of fairly low temperatures, relative humidity 
does not appear to be such a limiting factor, at least not under uniform 
conditions of temperature and humidity. 

The actual length of life of fire bliglit bacteria at an approximate 
relative humidity of 45 ])ercent and at temperatures of 25® to 40® C. 
was not determined. They were non viable at the first and at all the 
subse(|uent tests, but the first test at 40®, owing to shortage of mate¬ 
rial, was not conducted until 181 days after the material was first 
placed under the controlled conditions, and at 35® and 30® not until 
208 and 216 days, respectively. 

With reference to the exudate kept under fluctuating temperature 
conditions, it is to be noted in table 1 that there were 10 different 
types of treatment: (1) Exudate kept at approximately zero relative 
humidity under outdoor conditions, exposed to sunlight; (2) similar 
to the first but in the sliade offered by Weather Bureau-type housing; 
(3, 4, 5) similar to the second but kept at relative humidities of 9.5, 
21, and 45 percent respectively; (G) exudate kept outdoors under 
fluctuating conditions of relative humidity and temperature, that is, 
without any effort to control the relative humidity and temperature; 
(7) exudate kept at approximatel 3 '^ zero relative humidity but under 
fluctuating laboratory temperatures; (8) exudate kept outdoors at 
approximately 50 percent relative humidity; (9) exudate kept out¬ 
doors at appro.ximatelj" 75 percent relative humidity; and (10) exudate 
kept outdoors at approximately 90 percent relative liumidit}". As 
noted previously, the last three were maintained in a Weather Bureau- 
type housing. Owing to the fact that it seemed desirable for compara¬ 
tive purposes to place the material in glass bottles comparable to 
those used for the other tests, an error was introduced in two of the 
tests which throws considerable doubt on their validity. It was 
found that the temperature witliin the bottles in the presence of 
direct pnlight was such that in one of them, that used for fluctuating 
humidity and temperature, the heat and probably moisture, was 
sufficient to cause the individual droplets to run together while in the 
other the droplets turned jet black and gradually seemed to have lost 
much of their weight. While the bacteria were found to be viable 
and infectious at the end of 187 days at approximately zero relative 
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humidity under such outdoor conditions, tJicy wore nonviablo at tlie 
end of 237 days; and the bacteria kept under both uncontrolled 
temperature and humidity conditions showed no viability in the first 
and in the subsequent tests. However, when the exudate kept at 
approximately zero relative humidity was placed outdoors in a 
Weather Bureau housing, the exudate was found to contain viable and 
infectious bacteria up to the last date of testing, a period of 362 days, 
or practically a year. Likewise, it is particularly worth noting that 
while the bacteria kept outdoors in Weather Bureau-type housing at 
high relative humidities died in short periods of time, that kept at 50 
percent relative humidity showed viable and infectious bacteria 
throughout the whole period of testing, 276 days, or over 9 months. 

The tests for viability and infectivity of the bacteria present in 
exudate kept under fluctuating laboratory temperatures and at ap 
proximately zero relative humidity clearly indicate that under such 
conditions the bacteria remain alive and infectious for remarkably 
long periods. It is obvious that the 610 days, shown in table 1, in 
which the bacteria remained viable, is not a complete picture, for the 
material was exhausted at that time. There are no data to indicate 
the actual span of life of Erwinia amylovora un<ler such conditions, 
though it may be sumiisod that it is probably considerably longer 
than that given. 

LONGEVITY OF BACTEKIA IN AGAR CULTURES 

Contrasted with the long life of bacteria in the form of natural 
exudate under fluctuating laboratory conditions and at approximately 
zero relative humidity, it is of special interest to note the short life of 
bacteria when in the form of pure nutrient-agar cultures under the 
same conditions. The first test, made 205 days after the agar smears 
had been placed over the concentrated acid, showed that the bacteria 
were dead, and a duplication of the test yielded the same result. The 
actual life span, evidently very short, of Erunnia amylovora in the 
form of such pure cultures, was not determined. If one may judge 
by the behavior of agar slants of this species, the bacteria rarely 
remain alive more than a week or two under such conditions. This 
marked difference in longevity as agar cultures compared with natural 
exudate suggested a study of the morphology of the bacteria when 
grown as agar slant cultures or in beef broth and as foimd in exudate. 

LONGEVITY OF BACTERIA IN BLIGHTED TISSUE AND IN HONEY 

The longevity of fire blight bacteria when present within blighted 
host tissues and kept at approximately zero relative humidity, both 
under fluctuating laboratory temperatures and under fluctuating 
outdoor temperatures, is apparently comparable to the longevity of 
the bacteria when in the form of exudate. At the end of 351 days, 
they were still viable when kept under laboratory temperature condi¬ 
tions within diseased host tissues, and also at the end of 268 days, 
under outdoor temperature conditions. Unfortunately, the latter 
material was accidentally destroyed in the field shortly after this 
period. It is worth noting that some of tlie pieces of blighted host 
tissues, when ma^ed in sterile water and useti for a series of poured 
dilution plates, yielded almost pure cultures of a nonpathogenic yellow 
organism, with very few or no colonies of the whitish fire blight bac¬ 
teria appeariif^f in a series of 10 or more plates. Likewise, when a 
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water susponHion made from sueJi pieces was injcH'ted into healthy 
Bartlett i)ear shoots, no infections were obtaincxl. It was found, 
however, that if a suilicient number of pieces of host tissues were used 
for obtaining heavy bacterial suspensiojis, and injected directly into 
healthy pear shoots, there was no difficulty in proving the presence of 
viable and infectious fire blight bacteria, even though the nonpatho- 
genic, yellow bacterium was present. This is in line witli fonner 
investigations {12) in which it was found that measured mixtures of 
these two different species of bacteria still permitted infections to 
take place in artificial inoculations, provided the mixture was not 
pennitted to stand longer than 4 hours prior to the inoculations, 
llowever, if such a mixture, made up in the proportion of twice as 
many fire blight bacteria as the yellow saprophytic bacteria, is per¬ 
mitted to stand for 8 hours in nutrient brotli, the former is completel^^ 
destroyed at the entl of that time. Obviously the use of blighted host 
tissues for detennining the presence of viable Erwlnia arnylooora must 
be used with these facts in mind. Likewise, it is clear that if one 
introduces nutrient media containing pure cultures of fire blight 
bacteria into beehives or into any other open receptacle subject to 
(iontamination by common saprophytes, the fire blight parasite will 
be in competition with other organisms, many of which are far more 
rapid growei's aJid can exercise deleterious eflects on the parasite. 
The experiments on supposedi 3 ’’ freshl}’' infected tissuf^ subject to 
invasion by secondary or saproph^^tic micro-organisms, suggest that 
unless a clear distinction is made between the capacity" of this organism 
to live under conditions not subject to the activity of other micro¬ 
organisms and its capacity to live in an environment that is subject 
to the growth of otlier micro-organisms, any investigation seeking to 
determine the behavior of this parasite will yield conflicting or 
([uestionable results. 

Tt is especially" worth noting that the bacteria in the form of minute 
droplets of exudate are capable of living at least 22 days immersed 
in honey under such outdoor conditions as afforded by Weather 
Bureau housing. Under the same conditions, bits of diseased host 
tissues were found to yield live bacteria up to 121 days; at the end 
of 25(5 tlays they were no longer viable. 

MORPHOLOGICAL STUDIES OF SLIMY ENVELOPES AS FOUND IN 
ARTIFICIAL CULTURES AND IN NATURAL EXUDATE 

As indicated in a previous publication (i5), there is a striking differ¬ 
ence in the viscidity of this organism as it is found under pure-culture 
conditions compared with natural exudate. As fresh exudate issuing 
from infected tissues, it is so viscid that when touched with a needle it 
strings out in long, thin threads, clearly suggestive of a sticky or 
gummy slime gluing the bacteria to each other; grown in pure cultures 
in beef broth or nutrient agar, or in any other standard culture medium, 
it rarely shows such striking viscidity. This in turn signifies either 
that the enveloping membranes, slime, or capsules produced under 
one set of conditions are quite different, physiologically and morpho¬ 
logically, from those produced under the other set of conditions, or 
that the use of artificial media suffused with water dissolves or changes 
this slimy matter. 

To gain more definite knowledge on this subject, the bacteria as 
obtained under the two different conditions were subjected to various 
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stains particularly applicable for showing: slimy envelopes, and also 
studied under the microscope in a living condition, without the use of 
stains. 

When a fresh, milky drop of exudate is touched witli a sterile needle 
and the exudate drawn out into very fine threads approximately 10/x 
in diameter, those threads dry rapidly under ordinary laboratory 
conditions. They are readily cut into short lengths and can be placed 
on a glass microscope slide shielded by a cover glass for study of the 
bacteria in a living condition. Such studies make possible the obser¬ 
vation of individual bacteria present in exudate without recourse to 
anjr medium such as water, alcohol, or stains that may produce 
artifacts. 

As observed under the microscope, the bacterial bodies within the 
thread are seen surrounded by a colorless substance taking the form 
of a halo which appears to be more glistening than the bodies, and 
which possesses a more or less definite outline. In general, the width 
of this substance as observed in these unstained, dry threads approxi¬ 
mates that of the bodies and surrounds the bodies in much the same 
fashion as has been described for various encapsulated species of 
bacteria. 

In contrast with these observations, when a drop of nutrient broth 
or syneresis liquid at the base of an agar slant, representing young, 
vigorously growing cultiies of Ermnia arnylovora> are, without staining, 
examined in a hanging-drop slide, no such well-defined refratdivo 
substance can be seen around the bodies, although there are occasional 
suggestions of it. In such hanging drops, the hodics of the bacteria 
are usually much larger than in the dry bacterial threads. 

When a droplet of fresh exudate is placed in a drop of sterile water 
on a flamed slide, the bacteria will shortly cloud the water, indicating 
a dissolution or separation of the bacteria in the exudate. If this 
clouded water drop is theii smeared over the slide, dried rapidly over 
a flame, stained for 20 to 30 seconds in a saturated solution of basic 
fuchsin dissolved in 95-percent alcohol, washed in running water, and 
examined under the microscope, tliere are very definite indications of a 
substance surrounding the bacterial bodies (pi. 1, ^4). If the bacteria 
are grouped or rather held together, a dcfiinte margined colorless 
substance, quite refractive to stains except at the margin, will be 
seen as a more or less continuous layer surrounding the group. If 
the bacteria are well isolated or separated from each other the indi¬ 
vidual bodies are often to be seen surroiinded by the same type of 
envelope. However, this is not always the case, and the wuiter is not 
certain whether in such instances the enveloping layer has been lost 
somewhere in the process or that the technique does not work the 
same on all bacteria in a given smear. Since the bacteria representing 
the outer layers of exudate would be acted upon by the water for a 
greater length of time than the inner ones, there is of course the 
possibility that their enveloping layers woula be subjected to gi*eater 

EXPLANATORY LEQENI) FOR PLATE 1 

ErwinUi amylwora. A, Derived from fmsb exudate, mounted In a drop of sterile water, dried rapidly over o 
fkime, stained In a saturated solution of basic fuchsin dissolved In 95-percent a^hol, and washed in running 
water. Note presence of stainless material surrounding the bodies which is taken to be bacteilal slinie 
and wbicli suggests capsuletlke structures. X 1,725. a. Derived from exudate, kept outdoc»rs at a rela¬ 
tive humidity of 60 percent lor 4 months, indicated the presence of viable and infectious material In inoou- 
latton tests, and was stained in the same way as that in A. Note presence of stainless material immedi¬ 
acy around the bodies followed by an extreme outer layer of staining matter. These resemble encap¬ 
sulated bacteria.t^l320. 
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change. It is well known that slimy envelopes are apt to be dissolved 
by water. Nevertheless, there is no difficulty whatever in finding 
many of the bacteria in such preparations with a clear-cut outer layer 
(pi. l,jR). Often the edge of this colorless layer is marked by a substance 
whicli is stained by the basic fuchsin, though not as deeply as the 
main bodies located within the colorless layer. Tliis substance at the 
outer edge of the nonstaining layer is exceedingly elusive, often not 
at all observable or jiresent merely as a trace (pi. 2, .^1). When this 
occurs, there is little or nothing to mark the outer edge of the colorless 
material unless some substance such as india ink or other extraneous 
matter is present which possesses an entirely different refractive index 
or stains readily. In the absence of any stained material at the margin 
of the stainless substance, the latter is practically unobservable. 

CONTRAST IN STAINING REACTIONS 

Contrasted with the higlily refractive and often sharply delimited 
stainless material surrounding the bacterial bodies found in bacteria 
derived from exudate, no such well-defined nonstaining material is 
to bo observed in bacteria derived from nutrient agar or broth cul¬ 
tures (pi. 2, B), although not infrequently there occur stainless areas 
around the bodies wlucli suggest that they are not mere artifacts or 
light diffraction patterns but reduced or modified layers of com¬ 
parable material found in exudate. Furthermore, old viable nutrient- 
l)roth cultures kept in a refrigerator will often show more or less of 
a vis<‘idity when touched with a needle or loop, depending partly on 
the amount of agitation to ^vhich the cultures have been subjected. 
If such cultures are shaken vigorously, the viscidity especially of the 
upiier liquid is readily lost, suggesting a dissolution or separation of 
the slime from the bodies, part of the slimy matter settling toward 
the bottom of the cultures. Upon descanting the upper liquid, the 
precipitate at the bottom still possesses some viscidity, varying 
apparently with the amount of agitation. Old, undisturbed cultures, 
ill wlu(*h most of the liiiuid has evaporated and which still possess 
viable bacteria, often show a degree of viscidity approaching that 
of bacterial ooze exuded from host tissues. There is, therefore, little 
doubt that Ervyinia amylovora produces slimy matter in such cultures, 
although the slime is soon separated from most of the bodies, the 
separation depending upon the amount of water present and the 
degree of agitation. 

In view of the fact that Envinia amylovora has been desi'iribed by 
various investigators as having no capsules, what are the enveloping 
layers, which are readily observable in hacteria (lerived from exudate— 
both in living material and in stained preparations? 

The presence of those enveloping layers in living material suggests 
that they are not artifacts. Nevertheless, to make sure of this, fresh 
sticky exudate was placed on a glass slide in a mixture of india ink 
and water, the bacterial-ink preparation smeared over the slide with 
the edge of another slide as m making a blood smear, dried rapidly 
over a flame, stained with saturated basic fuchsin in 95-percent 

EXPLANATORY LEGEND FOR PLATE 2 

ErtHnia Ainvl(mra. Porivod from fresli exudate, mount<»d in fXVpercent alcohol, dried, and otherwise 
handled like that shown in plate A, Note reduced amount or ahsencic of dark-stainlns matter at the 
outer margins of the oolorlm zones surrounding Uio bodies. Compare with plate i, B, X 2,416, B, 
Derived from a 48*hour'Old nutrient*agar<filant culture IreattKl the same as that shown in plates 1 and 2, 
A, with which compare. Note very slight suggestion or none at all of slime or capsule formation, x 2,027. 
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alcohol, and washed in tap water. Preparations made in this manner 
almost invariably show a red-staining bacterial body surrounded by 
a well-defined colorless layer which is sharply delimited by the par¬ 
ticles of india ink (pi. 3, A), The same structures appear in india- 
ink preparations without the use of heat or of staining, although the 
interior bodies being unstained or slightly so are not to be clearly 
distinguished, for photographic purposes, from the surrounding color¬ 
less layers. When nutrient agar cultures are treated with india-ink 
water mixtures there are also suggestions of colorless enveloping 
layers or oapsiiles around the bodies but these layers are rarely ever 
as well defined or as large as in the bacteria derived from fresh exudate 
or from hard, dry exudate which contains living bacteria. Indeed, 
many of the bacteria derived from pure cultures in artificial media 
show no evidence of capsule or slime formation, although the evi¬ 
dence is apparently sufficient to indicate that Erwinia amylovora in 
pure cultures, especially in nutrient broth, produces some slime 
which is either readily shaken off or partially dissolved from the 
bodies of many of the bacteria. In this respect this species behaves 
somewhat differently from those human and animal bacterial patho¬ 
gens which have been described as being encapsulated within the 
host and not in artificial cultures. The well-known beluivior of 
Bacillus anthracis Koch is a good illustration of this (6, p. 8^9), 

OTHER EVll^ENCES OF ENVELOPES IN NATURAL EXUDATE 

In addition to the above evidence for the jiresonce of an enveloping 
layer around fire blight bacteria, especially those derived from exu¬ 
date, there are two other observations which indicate the same 
thing. Since artificial cultures usually yield relatively few bHcteria 
with definite indications of such layers, it seems fair to assume that 
the water contained in such cultures is probably responsible for their 
removal or partial disintegration. To test this theory, droplets of 
exudate were placed in sterile distilled water, using 2 droplets for 
approximately 1 cc, allowed to stand for 1 hour, the resulting cloudy 
suspensions smeared over glass slides, dried rapidly over a flame, 
stained with saturated basic fuchsin dissolved in 95-percent alcohol 
for 30 seconds, and washed with tap ‘water. When such prepara¬ 
tions are compared with similar exudate treated vdth a small drop 
of water for 2 or 3 minutes prior to the drying of the films, those 
which have stood 1 hour in water show enveloping layers that are 
wider but much less refractive and the outer edges are quite indefinite. 

Still another line of evidence consists in the observation that bac¬ 
terial bodies (protoplasts) are not infrequently entirely absent or 
located much to one side of stainless areas which assume the same 
general shapes and<Umensions of the enveloping layeis found in those 
bacteria with bodies intact and centrally located. There are several 
highly refractive, stainless areas without bodies or with bodies askew 
to be seen in plates 1, A and 3, A, and especially in plate 3, B, These 

EXPLANATORY LEGEND FOR PLATE 3 

Krninla amylot>0Ta, At In fresh, sticky exudate placed in a mixture of lodia ink and water, smeariHl over 
glass slide as in making a blood smear, dried rapidly over a flame, stained with a saturated solution of 
basic fuchsin dissolved in 96<percent alcohol, and washed with water. Note stainless layers around 
the bodies suggesting cjapsules or slime formation. x 2,500. jS, From fresh exuate mounted In a drop of 
6(M>eroent aloohol, dried rapidly over a flame, and stained like that shown in plate 1, ..4. Note stained 
X^rotdU^ts obntrally located in most instances, surrounded by stainless areas. Note also others in which 
the pi^plasts are considerably to one si<lo or outside of the stainless portions. X 1,7^. 
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areas applBirentlv are not artifacts since a more or less regular series 
can be detectea, varying from those in which the stained, centrally 
located bodies are evenly surrounded by the stainless halos, grading 
to those in which the bodies are decidedly to one side and extending 
to others in which the dark-staining bodies are entirely outside of the 
stainless areas. If stainless halos as a whole were mere artifacts 
consisting of a shrinking of the protoplasts and leaving an outer wall 
or layer of protoplasm separated from the main body by an unoccupied 
and hence stainless area, it is obvious that the shrinking occurred prior 
to the application of the stain; otherwise they would not appear. 
But, as there are numerous bodies appearing wholly outside of the 
stainless areas or to one side within the stainless i)ortion, it seems clear 
that in these instances the bodies were probably dislocated or moved 
out of their natural position after the application of the stain. This is 
easily accomplished if the washing which follows the stain is too violent 
or prolonged, or if the cover glass is moved in the process of mounting, 
and various preparations have been obtained in which almost all the 
bodies were washed away or dislocated, leaving at times mere outlines 
of the enveloping layers. 

If the stained protoplasts, centrally located or otherwise, repre- 
siuited shrunken bodies, they should appear more or less irregular in 
outline with disorganized parts evident, and staining irregularly. 
No such protoplasts have appeared in any of the preparations made 
for det(*rmining the presence or absence of enveloping layers by the 
method described above. As mav be seen in any or all of the figures, 
protoplasts in sharj> focus show definite and regular outlines and are 
stained homogcnoouslv or with the well known bipolar staining reac¬ 
tions typical of normal bacteria. While the stainless zones around the 
l)rotoplasts show considerable variation in size and shape, the proto¬ 
plasts themselv'cs are almost always regular. Furthermore, the size 
of these protoplasts plus the enveloping layers is considerably larger 
than those obtained for bacteria derived from the same exudate but 
stained with ordinary methods, such as Ziehl’s carbol fuchsin, which 
do not reveal the outer la^’^ei’s. Often the bacteria Avhich show these 
en^ elopes are fully twice as wide and as long as those which show no 
envelopes. 

NATURE OF ENVEU)PP:S 

How to designate these outer slimy layers of Erwinia amylovora is a 
difficult question. Benecke {3) distinguishes two difTerent types, the 
true encapsulated bacteria which produce gelatinous layers (Gallert- 
bildimg), and those which produce slimy layers (vSchleimbildungen). 
The latter are distinguished by the ability of these layers to swell and 
to be soluble or delifiuescent. However, he indicates that there are 
no clear distinctions between capsules and slimy layers (d, p. 94) and 
since he proposed no distinct term for the latter, the writer is inclined 
to call the slimy envelopes of E, amylovora ‘‘capsules” for want of a 
better term. Certainly, as observed in dry living threads, the bacterial 
protoplasts show these enveloping layers between them as structures 
just os fixed as in the recognized encapsulated bacteria. However 
this may be, it would appear far more important to recognize the fact 
that fire blight bacteria when derived from natural hosts, in the fonn 
of exudate, are encased in slime than to insist that these slimy secre¬ 
tions be called capsules. 
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The chemical nature of these slimy layers has not been fully inves¬ 
tigated. Since the outer edges often take the basic fuchsin stain when 
the main part does not, there is a suggestion that the outer edge is in 
part proteinaceous. Likewise, since the greatest part takes no protein 
stain, it is probably mainly carbohydrate/ in composition. This ap¬ 
pears to be in keeping with the findings of other investigators who have 
studied the composition of slimy bacterial envelopes. Ward p. 7) 
in reviewing these studies calls attention to the following: In the 
Friedlander bacillus (Klebsiella pneumoniae Trevisan), Toenniessen 
has shown that the slimy envelope or capsule is made up of galactan 
and contains no protein. This was confinned by Kramar who, in 
addition found that the capsule of Bacillus anthraeis consisted of 
glycoprotein while that of B. radicicola Beijerinek was made up of a 
dextran. Likewise, Avery, Heidelberger, and Goebel found the 
capsular substance of pneumococcus type II to be a nitrogen-free 
polysaccharide and they found a similar carbohydrate in a strain of 
the Friedlander bacillus. Finally, in studying certain encapsulated 
strains of B. coli Migula, Smith foiind the capsule material to consist 
of 80 percent of hexose and a small amount of glyciironic acid. In 
short, all investigators here mentioned have found that slimy bacterial 
envelopes are composed either wholly of carboydrates or carbohydrates 
combined with proteins. 

The conclusion is that the bodies of fire blight bacteria in the form 
of exudate derived from natural hosts are enveloped by slimy capsules 
and that this slime consists mostly of nonproteinaceous material. On 
the other hand, fire blight bacteria maintained as pure cultures in 
nutrient agar or broth rarely show such slime around the bodies. This 
is probably the reason why pure cultures show little or no viscidity 
when fresli exudate reveals it in striking form. 

It is also concluded that iiie presence or absence of the slimy layers 
around the bodies probably exercises considerable influence on the 
longevity of tlie bacteria and on their ability to live under diverse 
conditions of temperature and relative humiditv. At any rate, as 
shown in table 1, bacteria without slimy envelopes, those derived 
from nutrient agar, are very short-lived under the same conditions of 
temperature, humidity, and light that arfi conducive to exceptional 
longevity of bacteria that are encased in slimy envelopes derived from 
exudate. 

DISCUSSION 

The results obtained in subjecting bacterial exudate of Eruyinia 
amylovora to a relatively wide range of temperatures and to various 
relative humidities indicate that neither of those factors taken by 
itself, within the ranges utilized, exercise an appreciable deleterious 
effect on the parasite, at least not for relatively long periods of time. 
To find a supposedly nonspore-forming species of bacteria capable of 
Hving at a temperature of 104° F. for at least 400 days, is in itself 
rather surprising since micro-organisms as a whole have been found 
in numerous investigations to be adversely affected by such high 
temperatures and rather resistant to temperatures much lower than 
the lowest utilized in the studies here reported. 

These results are seemingly in disagreement with previous studies 
on thermal death-point determmations of .Ermnia amylovora U, H) 
in which it was found that tliis parasite is quite sensitive to high 
temperatures., perishing in a few minutes when subjected to 43.7^, 
% 
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45®-46®, and 45.1°-48.3® C. for some isolates and 48.3®~ 
49 .5® for othei*s, as found by different investigators. Actiiallv, 
however, the writer is convinced that the disagreement may readily 
be explained by the difference in materials and methods rather than 
by any discrepancy in results. The five previous investigators all 
relied on a standardized technique based upon the use of such an 
artificial medium as peptone-beef broth or synthetic media. Clearly 
there must be considerable difference between the physiology and 
probably the morphology of a living thing growing in beef broth 
compared to the same organism which had made its growth within 
living host tissues and had been extruded from such tissues. The 
studies here reported on slime formation certainly suggest such 
differences. 

The fact that at a relatively constant temperature of 40® C. (actually 
at least 4® higher at times), and at low relative humidities, the bacteria 
remain viable for at least 400 davs suggests that when they are 
studied in the form of natural exudate the thermal death point will 
be found to be considerably higher. In any case the studies here 
reported not only indicate that Krwinia amylovora can withstand 
high temperatures for relatively long periods, but also suggest that 
the standard methods utilized for determining thermal relationships 
of bacteria in general arc of doubtful value so far as indicating their 
reaction toward heat wlum they are growm under natural conditions. 

While neither the temperatures nor relative humidities alone 
exercised a deleterious effect on Erwinia amylovora over relatively 
long periods, the data show as previously indicated that there is a 
very appreciable effect at higher temperatures when the relative 
humidities approach 45 percent. The interaction between moderate 
or higli temperatures and high relative humidities apparently bring 
about a condition in which the bacteria are short-lived. 

What is the possible significance of such behavior from the stand¬ 
point of available inoculum carried from one season to another? It 
IS evident from these studies that too little attention has been given 
in the past to the possibility of this parasite being carried over in the 
form of exudate from one year to another. Almost all investigations 
on fire blight rest on the assumption that the inoculum is carried 
within host tissues blighted the year previous, in so-called hold-over 
blight. Why the bacteria should be considered as more likely to 
survive within host tissues than on the outside is not very clear. 
A.Bide from the influence of direct sunlight on exposed bacteria, the 
temperature of intercellular spaces, the main channels of bacterial 
invasion of host tissues, are probably proportional to those of the air. 
In strong light Curtis (4) found the internal temperature of apple 
leaves to be actually higher than the air temperature, while in diffuse 
light it was lower. In both instances the internal temperature was 
found to be directly proportional to that of the air. Similiu-ly, 
Miller and Saimders* (0) found tlie curves of surface temperature of 
leaves of various plants to follow those of air temperature pretty 
closely through a 24-hour period. With some plants the surface le.af 
temperatures are a little higher and in others somewhat lower tlian 
those of the air. So far as relative humidities of air compared with 
that of intercellular spaces are concerned, the writer has found no 
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definite data, although Shaw’s studies {17) suggest that in succulent 
twigs of apple and pear the relative humidities are often much higher 
than that of the air. If this is true, then in accordance with the 
findings here presented the bacteria may be exj^ected to be shorter- 
lived within the tissues than in extruded ooze since combinations of 
high relative humidities and moderate or liigh temperatures would 
occur more frequently within tissues than in the air of at least part 
of the fruit-growing areas found in this country. This, however, 
remains to be determined. 

Considering the influence of humidity and temperature, the longev¬ 
ity of the bacteria as extruded ooze may be expected to be different in 
different sections of the country, depending at least in part on prevail¬ 
ing temperatures and relative humidities. Likewise, the longevity 
within tissues compared to that in exudate may })e different. 

The writer’s studies of the longevity of Erwinia amykrrora other than 
within host tissues have received encouragement in several interesting 
and promising lines of investigation, including the recent report of 
Ark and Thomas (£) on the persistence of this parasite in both fruit- 
flies and houseflies from pupa to adult, and also on the eggs of the 
latter. As such studies progress and include bacteria produced under 
natural conditions instead of artificial cultures, one may confidently 
expect to find these bacteria living for relatively long periods within a 
rather wide range of climatic comhtions, in accordance w ith the studies 
here presented. 

In addition to beehives it is obvious that any other nidus in ajid 
around orchards, where exudate may be carried by other insects or by 
rain and wind and where it may be shielded from direct rays of the sun, 
requires investigation before it can be certain that the bacteria are not 
living from season to season outside of host tissues. 

SUMMARY 

A study of the combined influence of temperature and relative 
humidity on fire blight bacteria in the form of natural exudate and as 
pure cultures revealed the following: 

At a comparatively low’ controlled temperature (16° C.) the bacteria 
as exudate remained viable and infectious at the four different relative 
humidities utilized (approximately 0, 9.5, 21.0, and 45 percent), 
throughout the entire period of testing, over a year. 

At moderate and liigh, controlled temperatures (25°, 30°, 35°, and 
40° C.) the bacteria in exudate also remained viable for long periods 
when the relative humidity w’as low. At 45 percent relative humidity 
they were dead when the 'first tests wrere made. It seems, therefore, 
that a combination of high temperature and moderate or liigh humidity 
is conductive to short life in this species of bacteria, while equally high 
temperatures with low Jhumiclities make for long life. 

At uncontrolled or fluctuating temperatures, obtained by placing the 
exudate outdoors or on the laboratory shelf, the bacteria remained 
viable outdoors at 50 percent relative humidity for the entire period of 
testing, over 9 montlis, and at approximately zero relative humidity for 
almost 1 year, while at 75 and 90 percent relative humidities they 
died rapidly outdoors. At fluctuating laboratory temperatures the 
bacteria remained viable at approximately zero relative humidity for 
as long as the test was conducted, 610 days. 
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Contrasted with the long life of the bacteria in the form of exudate 
under fluctuating laboratory conditions, the bacteria obtained from 
artificial cultures are short-lived under the same conditions. 

The longevity of fire blight bacteria within blighted host tissues has 
been found to be approximately equal to that of the bacteria in the form 
of exudate when the humidity is low. 

Fire blight bacteria in the form of minute droplets of exudate were 
found to be viable and infectious at the end of 22 days when immersed 
in honey contained within comb kept outdoors in United States 
Weather Bureau-type housing. They were not viable at the end of 
92 davs under these conditions. As present witliin bits of diseased 
host tissues, also immersed in finished honey and otherwise under the 
same conditions as the exudate, the bacteria were found to be viable 
at the end of 121 days. 

A morphological study of the bacteria derived from exudate indicates 
that they are enveloped in slimy capsules which are mainly non- 
proteinaceous. Similar studies of the bacteria derived from pure 
cultures also indicate that on artificial media such slimy layers arc 
either dissolved or greatly reduced. 

It is concluded that the presence or absence of slimy envelopes 
probably exercises considerable influence on the longevity of the 
ba<'tcri>i under diverse conditions of temperature, humidity, arid light; 
and that the bacteria encased in slimy layers, as they are in natural 
exudate, offer a fertile field of investigation relative to the epidemiology 
of fire blight, in the light of the studu^s here reported. 
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FACTORS INFLUENCING THE DISCOVERY OF FOREST 
FIRES BY LOOKOUT OBSERVERS ‘ 

By Chahles C. Buck 

Assistant silviculturist, California Forest and Range Experiment Station,^ Forest 
Service, United States Department of Agriculture 

INTRODUCTION 

In forest-fire suppression activities there are four generally recog¬ 
nized elapsed-tiine steps between the start of a fire and the time sup¬ 
pression forces actually begin working on it. These are (1) discovery 
tiiTH^, (2) report tim(^ (8) get-away time of the initial attacking force, 
and (4) travel time of attacking force. To attain the promptness of 
attack desirable—termed *‘hour-control requirements^’—in any given 
forest cover type, it is necessary to keep the sum of these four elapsed- 
tirne steps less than the total allotted in the hour-control set-up.^ 

The (liscoveiy time of fires, under the type of detection s 3 ^stem 
employed throughout the national forests of California,^ is subject to 
considerable variation, attributable to the varying physical conditions 
under which fires occur. This variation, unlike that in the other three 
ela])sed-time steps, cannot be controlled by the ])rotection or^^aniza- 
tion. Jt is, howevcj*, desirable to measure the extent of the variations 
which occur and to associate them with their controlling physical fac¬ 
tors in order that significant variations in discovery tune may be 
estimated from (he measurement of physical conditions under which 
fires occur. 

The pur])ose of this paper is to present some measurements that 
have been made of the influence of certain factors on discovery time 
in the ponderosa pine pomlerona Uougl.) type of northern 

California. While the quantitative experimental results obtained mny 
not have direct application to other cover types or other forest regions, 
the trends established by the study may be of some value to all 
engaged in fire-control activities. 

METHOD OF STUDY 

In this study 200 actual test fires were set and allowed to burn from 
10 to 30 minutes, depending upon their rate of spread, on the McCloud 
Flats of the Shasta National Forest during one fire season between 
July 1 and October 15. 

Observations of the fires and quantitative measurements of the 
variables were obtained by two groups of observers. One, the ground 
crew, started and suppressed the fires and recorded weather and fuel 
data and the behavior of the fires. The perimeter of each fire was 
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plotted to scale at 2-ininule intervals during: tlie life of the fire. The 
second group consisted of a special observer on Black Fox lookout in 
the center of the area in which the fires were set and cooperating 
lookout observers on four other lookout points from each of which 
most of the area was directly visible. Each test fire set thus repre¬ 
sented from two to five separate and independent discoveries. The 
special observer on Black Fox recorded the position of the sun at the 
start of each fire, a description of the background against wdiich the 
smoke appeared, visibilit}^ conditions as indicated by visibility-meter 
ratings of natural objects in the landscape,*^ and discovery time. The 
cooperating lookouts recorded a description of backgrounds, general 
estimations of visibility conditions, and discovery time. Radio com¬ 
munication was maintained between the ground crew and Black Fox, 
and all lookout observers were notified in advance of the location and 
time of start of each fire. No attempt was made in this study to 
check the personal efficiency of the different observers. 

The fires w^ere confined mainly to pure ponderosa pine needles. 
This type was selected as being the most uniform in fuel character and 
the one in which the fires could be most easily suppressed. Analysis 
of the data pt^rtains only to the pure pine type. 

EFFECT OF FACTORS ON DISCOVERY TIME 

Collection of field data was limited to fires that spread immediately 
upon ignition. The time in which an incipient fire in the form of a 
smoldering campfire or rotten log will actually start to spread and 
produce smoke is governed more by chance than by anv measurable 
physical factors. Lookouts can normally be expected to discover 
only such fires as are spreading and have produced a definite column 
of smoke. 

The important physical factors which influence the time from the 
start of spread of fires to their possible detection by lookouts are: 
(1) Atmospheric obscurity, (2) background against which the smoke 
is seen, (3) distance of the lookout from the fire, (4) relative position 
of the sun with respect to the observer’sJine of sight, and (5) relative 
behavior of the fire governing the rate at which smoke is produced and 
rises—this last being dependent upon the combined influences of 
wind velocity, moisture content, and nature and distribution of the 
fuel. The correlation of fire behavior with these governing factors is 
being undertaken as a separate project and has not been treated in the 
study of discovery time. In the collection of the field data, quantita¬ 
tive measurements wrere made of each of these factors for every dis¬ 
covery recorded, with the exception of background. This factor was 
described by its composition and appearance to each observer. The 
effect of topographic shadows upon discovery time was not considered, 
since they play a very minor i*ole in the detection problem in northern 
California. 

ATMOSPHERIC OBSCURITY 

The degree of atmospheric obscurity was measured in terms of the 
clearness with which objects in the landscape could be seen. Because 
of suppression of many of the fires before they could be discovered by 
all the lookouts under poor atmospheric visibility conditions, data on 

* Bisnnktt, M, Q a visibility mkter. Jour. Pol. Instruments 8; Ulus. 
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the influence of atmospheric obscurity are incomplete. Analysis of 
all the discoveries recorded, however, shows little quantitative rela¬ 
tionship between the visibility of natural objects in the landscape and 
discovery time. This indicates that the concentration of particles 
in the atmosphere has a diflerent effect upon the visibility of a smoke 
column froni that upon the visibility of the landscape. Further 
work is required to find a more satisfactory method of measuring the 
degree of atmospheric obscurity as an influence on fire detection. 

In order to simplify the analysis of the remaining factors, the range 
of atmospheric visibility encountered was divided into three broad 
(‘lasses based on visibility-meter ratings, and only those discoveries 
were used that fell within the upper class, representing excellent to 
moderate atmospheric transparency. This group constitutes approxi¬ 
mately 86 percent of the observations made. 

BACKGROUND 

Green ponderosa pine timber, brush fields, mixtures of brush and 
timber in various proportions, and open Hats covered with dry grass 
made u]i the baedvgrounds against which the test-fire smokes were 
observed. These were segregatcyl ink) two classes to which differences 
in discovery time could be definitely attributed. The first and larger 
group includes the dark-colored backgrounds of brush, timber, and 
mixtures of the two. The data show no differences in discovery time 
caused by difTerences in l)ackground within this group. 

The light-colored backgrounds of dry grass comprise only a very 
small portion of the exiierimental data and are insufficient in number 
to permit of detailed analysis. A summary of the data reveals quite 
definitely, however, that, under the same weather and fuel conditions, 
dis(*overy time of smokes observed against backgrounds of diy grass 
is longer and much more erratic than that against the darker back¬ 
grounds of brush and timber. 

A brief consideration of the factors controlling the intrinsic visibility 
of objects (explains this. An object is visible to an observer because of 
contrasts in either brightness or color between the object and its 
background, or because of a combination of the two contrasts.® 
When either type of contrast is of a low degree, the other must be of a 
much higher degree, to cause the object to be visible. Sniokes 
observed against brush and timber backgrounds are always brighter 
than their backgrounds and normally present a strong contrast in both 
brightness and color. Even when one type of contrast is low, the 
other is usually sufficiently strong to make the smoke visible. Smokes 
observed against the sky or dry-grass backgrounds, on the other hand, 
may be either somewhat brighter or less bright than their backgrounds 
or of the same brightness as their backgrounds, resulting in a low 
degree of contrast. This, combined with low color contrasts between 
smokes and light-colored backgrounds, causes such srnokes to have a 
relatively low degree of visibility. Under these conditions such a fire, 
considerably prolonged, mav not be discovered until the smoke 
column becomes large enough to appear against an adjacent darker 
background or to become visible tiirougli its increased size and 

• Nutting» P. G. THE vistmuTY OF RADIATION. A RKCAUJULATioN OF kOnio'8 DATA. U. S. BuF. Stand¬ 
ards BuU. 7; 235~m. 19U. 
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changing brightness with increase in volume and density. Analysis 
of the remaining factors is confined to smokes showing against dark 
backgrounds, 

DISTANCE 

It is impossible to isolate completely the factor of distance between 
fire and observer. In a perfectly transparent atmosphere, the onl 3 ^ 
effect of distance is to control the visual angle subtended by the 
smoke column at the eye of the observer. Within the lirnits of the 
experimental data, this effect is negligible when expressed in minutes 
of discovery time. Since the atmosphere is never completely trans¬ 
parent, however, the degree of transparencj^ has an important influ¬ 
ence on the apparent effect of distance upon discovery time. 



Figure 1.—Effect of distance uik)Ii the diswjvery time of pme fires under favorable atxnowSpheric visibility. 

The figures on the curve indicate the number of observations taken. 

The curve in figure 1, showing the increase in discovery time 
attributed to increases in distance, represents observations made 
under average good visibility rather than optimum conditions and 
therefore includes some effect of atmospheric obscurity. Within the 
limits of 15 miles, which is usually accepted as the maximum effective 
radius of vision of lookout observers, average discovery time may be 
considered as a straight-line function of distance under normal 
conditions. Distances greater than 20 miles, on the other hand, have 
a decreasing effect on discovery time because fires allowed to burn 
lon^ enough to become visible at these distances normally begin pro¬ 
ducing smoke at a greatly accelerated rate. After this acceleration 
has begun, a large column of smoke is formed which becomes visible at 
relatively long distances within a very short time. 

ANGLE BETWEEN SUN AND OBSERVER 

Prior to analysis of the field data, a laboratory experiment was 
performed ^ to determine the effect of direction of illumination upon 
the visibility of a smoke column under controlled laboratory condi- 

7 Buc%C, C., jin<J Fok8, W, L. turn effect or uiaEcripN or iulumination upon the visibxwtt op a 
EMOEE colpUii, Jour. Agr. Research 61:007-918, Ulus. 1036. 
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tions. From this experimoiit several conclusions were drawn, the 
most important of which was that the position of the light source 
(sun) with respect to the observer's line of sight, together with the 
concentration of particles in the smoke column, has a very definite 
effect upon the visibility of the smoke column. The results of this 
study materially aided in the analysis of this phase of the field data. 

Following the trends indicated in the laboratory experiment, the 
effect of relative position of the sun upon discovery time was deter¬ 
mined, as shown in figure 2. 

This effect may be expected to vary somewhat with the degree of 
atmospheric obscurity. This in turn varies with position of tlie sun 
in the same manner as does the brightness of a smoke column, since 
the degree of variation in either is caused by the concentration of 
particles of suspended 
matter. The net var¬ 
iation in the visibility 
of the smoke column 
and its corresponding 
discovery time caused 
by variations in rela¬ 
tive position of the sun 
is, therefore, deter¬ 
mined by the relative 
concentrations of par¬ 
ticles in the smoke col¬ 
umn and in the atmos¬ 
phere. Even u n d e r 
very advei*se visibility 
conditions, how^n^er, in 
every observation 
made in the field with 
the sun behind the ob¬ 
server the discovery 
time of the fire was longer by at least a small margin than that of 
similar fires observed facing the sun. 

RATE OF SPREAD 

Rato of spread is the principal element of fire behavior which in¬ 
fluences the time required from the start of a fire for its smoke column 
to build up to the volume and density necessary to become visible to 
a lookout observer, Despite certain disadvantages, the miit of meas¬ 
ure of this factor in the analysis was taken to be the average rate of 
spread for the first 8 minutes, since all fires were allowed to burn for 
at least this period. As a measure of rate of spread, average diam¬ 
eter, total perimeter, and area in square feet were all tried, but the 
last proved the moat satisfactory in relation to discovery time. No 
usable relationship was found to exist betw^een the size of a fire at 
given moment and the size and density of its smoke column. 

Figure 3 shows the average effect of the rate of spread of pinc^ fires 
upon their discovery time under favorable atmospheric visibility. 
It will be noticed that discovery time decreases only slowly after rates 
of spread of approximately 40 square feet per minute are exceeded. 
This is due in part to the increased wind velocity responsible for the 
increased rate of spread, which luidoubtedly has a marked influence 
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Fiouhe 2.--Effect of relative i)osition of tlic sun and observer’s line of 
sight iiiwn diswvery lime of i.ine fires umler favorable atmospheric 
vLsiliility. The figures on the curve indicate the number of obser¬ 
vations taken This is the angle with the smoke at the vertex and 
is the supplement of the uiigie measured at the observer bet>^een 
the sun and the smoke 
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in keeping the smoke from rising above the timber crowns whore it 
can be seen. Further, a rather definite minimum discovery time is 
determined by the failure of a fire to produce smoke for the fii’st 
1 or 2 minutes. 




AVERAGE RATE OF SPREAD FOR FIRST 8 MINUTES (SQUARE FEET PER MINUTE) 

Figure 3.—Effect of average rate of spread upon the discovery time of pine fires uilder favorable atinos- 
pheru* visibility. The figures on the curve indicate the number of observ ations taken. 

COMBINED EFFECT OF HATE OF SPREAD, DISTANCE. AND POSITION OF THE SUN ON 

DISCOVERY TIME 

To show graphically the combined influence of distance, position of 
the sun, and rate of spread upon discovery tinu‘, it is nccesspy either 
to make use of three-dimensional figures or to represent the influenc'es 
of two of them witJi a single term. .^Vnalysis of the individual effects 
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Figure 4.-'Di8Covery time expressed as a function of the ratio between distance in miles and average rate 
of spread in square feet per minute for the first 8 minutes. The figures on the curve indicate the number 
of observations taken. 

revealed that the latter method, involving the expression of discovery 
time as a function of the ratio between distance and rate of spread, 
could be used satisfactorily within the limits of the experimental data. 
This is shown in figure 4 and indicates that under similar 
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(‘oiiditions of position of tlio son aii<l atniosphoiic visi})ility, the dis¬ 
covery time of a fire 10 miles distant burning at an averaj^e rate of 25 
square feet per minute for the first 8 minutes will be the same as that 
of a fire 20 miles distant burning at an average rate of 50 square feet 
per minute. 

In figure 5, average rate of spread for the first 8 minutes and dis¬ 
tance are represented on logarithmic scales in ..1. Tfie ratio of dis¬ 
tance to rate of spread is represented on a logarithmic scale by the 
diagonal linos in A which become the abscissae in B, Discovery 
lime for different angles between sun and observer is plotted as the 



ordinate in B, A total of 340 discoveries form the basis of this set of 
curves. Discovery time may be estimated from figure 5 in the 
manner illustrated by the broken line in the diagram. 

Kxam{)le: Jtate of spread, 55 square feet per mi ante; distance, 12 miles: angle 
l)etween sun and observer, 65®. Start at the value 55 on bottom scale and 
read vertically to distance 12 on lower left-hand scale; from this point follow 
upward to the left, {larallel to the diagonal lines, to the heavy horizontal line, then 
vertically to the value 65® obtained by interpolating between the curves for 60® 
and 80®; discovery time is read on the upper left-hand scale opposite this point, 
7.1 minutes. 

A comparison of actual discovery times with estimated values from 
figure 5 indicates a relatively high degree of accuraev for obsciwations 
during the middle of the day. Observations maae at 7, 8, and 9 
a. m. are more erratic. The heat from early morning fires is usually 
insufficient to puncture the inversion layer which characteristically 
persists in the experimental area from 15 to 30 feet above the groimd 
at that time of day. The rismg column of thin smoke from these 
early morning fires, upon striking the inversion layer, spreads out in 
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a horizontal ’f>laJte and is soon dissipatod. Discovery times of tJiose 
fires inay exceed the estimated values by as much as 10 mimites. 
Deviations of midday observations from the estimated values nmy 
nearly all be attributed to atmospheric obscurity. The experimental 
observations cover a range of distances from 3 to 33 miles and at the 
upper limits of this range even a slight haziness in the atmosphere 
undoubtedly has a detrimental effect upon discovery time. 

SUMMARY 

Better planning of protection organization developments ami 
activities and better iitilization of available man power are promoted 
by providing a more certain definition of elapsed-time allowances 
between start of fires and discovery than can bo obtained from indi¬ 
vidual fire records. Solution of the disco very-time problem can con¬ 
tribute materially to this end. As a first stop in this direction, the 
three discovery-time factors—distance, rate of spread, and position 
of the sun—were measured and their interrelation with respect to 
discovery time determined. The importance of these measurements, 
as shown in the accompanying charts, is that they form a basis for 
future work and at the same time may be used as trends indicating 
relative variations in discovery time which may be of value in present 
fire-control planning work. Their value will he enhanced materially 
as quantitative measurements are made of the effects of each of the 
remaining factors. 




MECHANOGRAPHIC METHOD OF RECORDING INSECT 
CARDIAC ACTIVITY, WITH REFERENCE TO EFFECT 
OF NICOTINE ON ISOLATED HEART PREPARATIONS 
OF PERIPLANETA AMERICANA^ 

By J. Franklin Yeacp^u^ 

Senior enlofnologist, Divuion of Control Investigations^ Bureau of Entomology and 
Plant Quarantine, United States Department of Agriculture 

INTRODUCTION 

It is well known that many substances and exj)erimental treatments 
may alter both the rate and the amplitude of heartbeat. This has 
been obseiwed in a recent study of the effects of nicotine upon the 
contraction rate of isolaUnl insect heart preparations (6')'^ in which 
a previously described method was used (7). That method yielded 
rate measurements only, and it was desirable to have a method that 
would measure both contra<*tion rate and amiditude. 

The present paper contains a preliminary description of a method 
by which rate and ainjditude of the isolated insect heart preparation 
can be recorded photoj 2 :raphically and measured. The results of the 
method are illustrated by tracinjics (mechanocardio^rams) obtained 
from various segnmnts of entire untreated and nicotinized isolated 
heart j)reparations of the American cockroach, Periplaticta americana 
(L.), and from comi)letcly isolated single segments. 

METHOD 

The mt^chanocnrdiogra])h method consists in transmitting the 
movement of the insect heart by means of a hair to a glass lever vntli 
an o])ttciue long arm that moves in the path of a beam of light. The 
shadow of the moving arm is magnified and thrown across the slit 
of a camera containing a strip or roll of bromide paper. As the 
shadow moves, a tracing (niechanocardiogram) of the heartbeat is 
recorded upon the light-sensitive paper. 

With the exception of the electrocardiographic camera, the set-up 
necessary for this method can be made from apparatus to be found in 
tlie ordinary physiological laboratory. The apparatus used includes 
the following parts: 

The heart lever (fig. 1) consists of a capillary glass tube (/) of 
approximately 0.2 to 0.3 mm diameter drawn out to a smaller capillary 
tip (et) at one end, so that the shadow of the capillary tip has a diameter 
of about 1.5 mm when magnified by a (*ompoimd microscope with 
16-mm objective and 10 X ocular (tube length of 17.5 cm) and projected 
upon a screen 14 cm distant from the ocular. The lever is mounted 
with wax (w) upon and at right angles to a short but wider capillaiy 

^ for pubUmUon September IS, 1937; iBsaed April 19:17. 

2 The Author is indebted to A. Q. 0»aiow»y for his aid in connection with the modification of the electro- 
mrdiographic ctimera used in this mrork and to Saburo Katsura, of the Division of Fruit and Vegetable Crops 
and Diseases, Bureau of Plant Industry, for the translation of Uramoto’s article (5). 

^ Keferenc» is made by number (italic) to Literature Cited, p. 275. 
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glass tube (0^ of about 0.8 to 0.9 mm diameter, through which is 
extended an insect pin {p) of greater length and smaller diameter. 
The smaller end {ct) of the capillary lover is part of the long arm {la), 
and the larger end forms the short arm (sa) of the heart lever. If 
the lever is to be used horizontally and its shadow thrown across the 
vertical slit of an improvised kymographic camera (described below), 

the end of a straight human hair (h) 
is attached by means of wax to the 
short arm near the fulcrum, but if 
the lever is to be used vertically and 
its shadow thrown across the hori¬ 
zontal slit of an electrocardiographic 
camera, the end of the hair is attached 
(at a) to the wax (w) used to hold 
the lever to the supporting tube, so 
that the hair and lever are on op¬ 
posite sides of the supporting tube 
(#). In either case a very small piece 
of lens paper (Ip) is attached by 
means of a small bulb of wax (6) to 
the other end of the hair. The ex¬ 
tremities of the insect ]>in (p, p) rest 
upon a support (s); a pair of curved 
forceps, held in a flat-jawed (damp, 
with the concavities of the jaws 
uppermost, which in turn is clamped 
to a heavy laboratory stand, can be 
used to support the insect pin. Special 
care is required to prevent vibra¬ 
tions of the table or building from 
being transmitted to the lever. The 
long arm pf^the lever should be ren¬ 
dered opaque, and in these experi¬ 
ments this was done by allowing 
Wright’s blood stain to dry upon its 
surfacje. The exact balance of the 
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FKiuBE j. The meehanocardioRraphio lever, levcT necessary for the proper record- 

show mg its position when m use and held by . i. 1.1 

forceps above the isolated heart preparation mg 01 heart mOVOmeilt can t)0 Ou- 

. .. tained by trial. 

The relation of the heart lever to 


(not indicated): a, Point of attachment of hair 
to wax; 6, wax, holding lens paper to hair; et, 
opaque tipof htwt lever; A, hair, i, heart lever: 

/«, long arm of heart lever;//>, lens paper, used .1 . 1 * 1.1 j. 

to make contact with heart; p. Insect pin. at the Other apparatus Used Ul the Bet- 
point of support; prong of lever .supjKirt (for- le cliovirTi in ^ HPIia hAftm 

ceps^^;«a, short arm of he^^^ ^ l * noam 


oapiUary tube of hem lever; wax, holding of light (h) should be intense but 
tube. With the heat removed by a water 

cell. The light is concentrated in 
the region of the tip (<:/) of the long arm of the lever by a lens (c); 
the lower lens of a 10 X ocular can be used for this. The source of 
%ht may be an improvised lamp containing a sufficiently strong light 
bulb, a lens, and a cooling water cell, or a manufactured research 
microscope lamp containing these parts. 

The light, concentrated at the lever tip (ct), is passed into the 
16-mm objective (oh) of a standard microscope tube removed from 
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its rack-and-pinion support, and clamped in a horizontal position to 
a heavy iron support; it passes out of the tube through a lOX ocular 
to the slit of the camera (s), which is placed at the desired distance 
from the ocular and across which the vertical lover shadow {si) falls. 
These parts are so arranged that the beam of light is centered with 
respect to the optical system employed. 

The camera can be improvised by placing a kymograph (a single- 
dnim student kymograph has been used in some of these experiments) 
inside a box container that permits no light to enter when completely 
closed. A vertical slit, covered by a movable lip when not in use, 
is located in the wall of the container at such position that, when the 
lever’s shadow is thrown across it, the section of the shadow that 
passes through the slit will fall upon a strip of bromide paper fastened 
about the kymograph dnim and held only a few millimeters back of 
the slit. The kymograph can be started and stopped by means of a 
wire that nins from the outside through a small hole in the wall of 
the container to the starting mechanism. When tlie lever shadow 


is focused properly upon the 
closed slit, the kymograph is 
started, the slit opened, and 
the mechanocardiograni ob¬ 
tained; the slit is then closed 
immediately and the kymo¬ 
graph stopped. An impro¬ 
vised camera of this type is 
not satisfactory, for several 
reasons: The strip of bro¬ 
mide paper available for one 
continuous record is too 
short; focusing of the lever 
shadow is partly a matter 
of guesswork; and the entire 



FtouKK 2.''Stn-up of moclmnocardiojrraphic apparatus 
a, Hecording arm of time markor, 6, beam of light; c, Ions, 
used lo coiiden.se light at heart-lcvor lip; r/, opaque fjp 
of heart lever, f, slit-contaming face of clectrocardiograi)hic 
camera; I, heait lever; m, niicrosc’Ope tube, with attached 
obiective and ocular; ob, low-power objective on microscope 
tulie, oc, lOX (KMilar in microscope tube; p, opaque paper 
on tiinc-roarkcr arm; s, slit in electrocardiographic camera; 
#/, shadow of opaque lip <»f heart lever; tm, watt h-type oi 
time marker. 


camera must be transported to the ilark room for loading and 
iiuloading. Although mpchanooanliogrnms can be obtained with 
this improvised apparatus, it is m\ich better to use a standard 
electrocardiographic camera that lias been so modified as to nm at 
requirwl speeds. Most of the records obtained in the experiments 
reported here were made with a Hindle electrocardiograpluc camera 


(fig. 2, e) modified to yield paper speeds approximately of from 5 to 65 
mm per second. In general, for w’ork with insect hearts it is desirable 
to have available paper speeds of from 0.5 to 100 or more millimeters 
per second. Time markings can be obtained by tising a watch time 
marker {tm) with a piece of black or opaque paper If) attached to 
the tip of its recording arm (a) and arranged in such manner that 
the beam of light is interrupted at the required intervals (1 second, 
5 seconds, etc.). A synchronous rotator with sets of rotating arms, 
such as is used with electrocardiographs, is preferable. 

The isolated heart preparation is dissected out in the manner de¬ 
scribed previously (7) and is pinned, ventral surface up, to the bottom 
of a suitable depression cut in a block of wax. The lever is attached 
to the heart by placing tJie lens paper (fig. 1, ip) on the dorsal dia- 
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phragin in the midregion jnst above the ventral surface of the cardiac 
wall. The tissues are bathed with physiological saline solution (1.25/11 
L^vy^s stock solution (4) has been used for Periplaneta americana) 
applied with a medicine dropper. In these preliminary experiments 
nicotine dissolved in the saline solution was applied in similar manner. 

RESULTS 

Some of the mechanocardiograms obtained by this method are 
illustrated in figures 3 to 7. Figure 3 shows the form of the record 
when the site of the lever attachment is the third abdominal segment 
of the isolated heart preparation. The time markings appear as 
vertical lines cutting across the entire width of the record, and denote 
intervals of 1 second. In this, as in all the records illustrated, the 



a 


Fjoure 3 —A mechanocardiogram obtained from the third alxlominal segment of an isolated heart prepara¬ 
tion from Pertplnneta americana. A rise of the curve represents a dorsally directed movement ami a 
fall of the curve represents a ventrjflly directed movement of the ventral wall of the heart and the adjacent 
dorsal diaphragm The vertical lines cutting entirely across the retjord are time markings denoting 
interv als of 1 second The horizontal lines, made by the usual ruling Iwhind the slit of the electr«>cardio- 
graphic camera, can be used to calibrate in terms of contraction amplitude. The recsird us to be read from 
left to right Distance from line aa to line bb on original mechanixiardiogram is 112 mm. 

upward trend of the curve represents a downward (doi-sally directed) 
movement of the dorsal diaphragm atjits point of attaciiment to the 
ventral wall of the heart (i. e., at the site of attachment of lens paper, 
fig. 1, Ip, to cardiac mechanism), while the downward trend of the 
curve represents an upward (ventrally directed) movement of the same 
region. Figure 4 shows a typical record obtained from the' mid- 
abdominal region of the isolated heart preparation and analyzed into 
its component regions. Under the ordinary ennditions of heartbeat 
and xmder the conditions of these experiments, the insect cardiac 
cycle in the midabdominal region of the heart consists of a systolic 
period (sy), represented in the mechanocardiogram by the marked 
sudden rise of the cyrve; a diastolic period (cK), represented by the 
marked sudden fall of the curve; and a diastatic period {dt), repre¬ 
sented by the approximately horizontal region of the curve preceding 
the succeeding contraction. Often a sudden fall of the curve im¬ 
mediately precedes the systolic rise, appearing as a “presystolic 
notch.” It can be seen also that the diastolic fall of the curve occurs 
in two fairly distinguishable st^es, the first (fdZ) including the earlier, 

,sudden down stroke of relaxation, and the second (Sdl) including the 
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later, less rapid downward trend, which finally becomes the diastatic 
region. 

The mociianocardiogram can be obtained from a single isolated 
segment, sejiarated from the rest of the isolated heart preparation 
by complete transverse sections made immediately in front of and 
immediately behind the required segment. Examples of such records 
are shown in figure 5. In general, the form of the curve is about the 


ea b c d ea b c d ea 



FiorKB 4.~ A duigrnm ropreseiitiiii; cnriiplet© 
cardiar cycles, analyzed inU» iheir component parts 
as indj(‘atoil by the vortical broken lines anil b> llie 
lower braces. The curve is to be read from left to 
riKhi, a.s Indic-ated by the arrow cc, (Virdiac c>cle, 
.vif, systole; til, diastole, rf/, diastasis, pres n , pre- 
systolic notch. JtH, tlrst pari of diastole; second 
part of diastole, ti , f, lettering to distinguish 
vertical broken lines 
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Fj(«i RK r> -—Tracings of mechanocardiograms 
obtained from completely isolated single ab¬ 
dominal segments separated by transection 
from other segments of the isolated heart prepa¬ 
ration. Time intervals of 1 second are indi¬ 
cated below each curve, which is to be read 
from left to right Distance from point a to 
point b (top curve) on original mechanocar- 
diognmi is 69 mm. 


same as that shown in figure 3, except that usually the presystolic 
notch is lacking. 

Mechanocardiograms obtained from various segments of the isolated 
heart preparation are shown in figure 6. In this figiue, 3ih is obtained 
from the third thoracic segment, \abd to {\abd from the first to sixth 
abdominal segments, and 7 + 8 abd from the seventh and eighth ab¬ 
dominal segments. Since tiiese records were obtained with tlie same 
lever arrangement, the magnification is approximately the sa.Tne for 
all. It can be seen that the amplitude tends to be greatest in the 
region of the fourth abdominal segment. 

The effccls produced in the mechanocardiograin by the application 
of nicotine to the isolated heart preparation are shown in liguro 7. 
'‘Normar’ renresents the meclianocardiogram obtained from the 
nonnicotinized isolated heart preparation bathed with physiological 
saline solution. This record, hkc the others of this figure, was taken 
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with a lower camera speed than those of the preceding figures. The 
curves ‘‘Nicotine 1'^ to “Nicotine 3/’ inclusive, represent records 
made at successive time intervals after the application of nicotine 
to the heart preparation. The curves “Kecovery V* to “Recovery 4,“ 
inclusive, represent successive stages of recovery after the nicotinized 
preparation had been washed with fresh physiological saline solution. 
As the nicotine acts upon the cardiac mechanism, the inechanocardio- 



A/V\, 

1 abd 




babd 



6 abd 




7+8 abd 


l lat RE O.—Tracings of mechanocardiogranis obtained from various segments of the isolated heart proptira- 
tiou, as indicated by the followinR labeling: Mh, Third thoracic segment; labd, first abdominal segment: 
and so on through the swth abdominal segment, 7-fg abd, seventh and eightti abdominal segments con- 
sldored together. The curves are to be read from left to right. Time intervals of 1 second are Indicated 
below each curve. Distance from point a to point 6 (lith) on original mechanocardiogram Is 76.6 mm 


gram shows increasing irregnlarity of amplitude. Some irregularity 
of contraction height occurs, but a gi-eater irregularity appears in the 
degree of diastolic fall of the curve; as the nicotine effect increases, 
the diastolic faU becomes less and less, until eventually the heart 
approaches systolic arrest. During recoveiy relaxation becomes 
more complete, marked irregularities of contraction height persist for 
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a shorter or longer time, and premature and partially summated 
contractions tend to persist for a relatively longer time; eventually, 
however, the fonn of the mechanocardiogram approaches that of the 
heart preparation preceding nicotinization (Recovery 4). With 



NICOTINE 3 RECOVERY 4 


1* if.uKK 7.- iYudugs Of ineohanocarclioRrams showini? theeffect ofnicotinizationofthc isolated heart prepa¬ 
ration. The curvOvS, to be read from left to right, are from a single heart preparation. Normal tracing was 
made before nicotinization Nicotine 1, 2, and 3 are tracings obtained at successive time intervals after 
application of nicotine. Recovery I, 2, 3, and 4 ore tracings made at successive time intervals after the 
iieart preparation was washed with fresh saline solution. Distance from point a to point b (Normali 
on the original mechanocardiogram is 74 mm Time intervals of l second are indicated below each curve. 

continued wasliing of the nicotinized tissue with fresh saline solution, 
the original fomi of the mechanocardiogram can be restored, provided 
the nicotinization has been neither too intense nor too prolonged. 

DISCUSSION 

The idea of utilizing a hair to transmit insect cardiac contractions 
to a small lever and photographing the lever movement has been 
applied by Kojantchikov (^) in a study of the heartbeat of the cock¬ 
roach (Periplaneta) Blatta orientalis L. Kojantchikov’s lever made 
contact with the heart bv means of a piece of fat body tied to the 
Iree end of the hair, and, depending entirely upon the lever for magnifi¬ 
cation of heart movement, made a photographic tracing with a 
kymograph camera. The meohanocardiograms thus obtamed con¬ 
sisted of only slight fluctuations of the curve, the highest magnification 
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being about three times. IJnunoto {5) obtained smoke-drum (kyino- 

K apli) tracings of the heartbeat of the silkworm larva by means of a 
jht straw lever connected with the heart (isolated) by means of 
cellophane or resting upon the dorsal wall of the intact insect. Since, 
in making those records, magnification of heart movement was by 
means of lever only, the fluctuations in the kymograph tracings were 
small. In the method described here both magnifeation by lover and 
magnification by an optical projector system have been utilized, with 
the result that rnechanocardiographic curves of sufficient size to permit 
analysis have been obtained. Most of the records referred to m this 
paper wore made with magnifications of 400 to 600, but much greater 
magnifications can be obtained when desired. The factors determin- 
ing the desired magnification are the width of the bromide paper, the 
intensity of the illumination, and the size and distinctness of the edge 
of the lever shadow. Although mechanocardiograms obtainable 
by this method are superior to those published by Kojantchikov {2) 
and Hrarnoto {5) and arc more easily subjected to analysis, these 
investigators were tlie first, insofar as tlie author is aware, to obtain 
mechanocardiograms of the insect lieartbeat. 

From figure 6 it <‘an be seen that the relative amplitmle and tin*, 
detailed form of the mcchanocardiogram vary with the site of the 
lever attaclmient. Usually the largest relative amjditude is from 
the midabdominal region (fourtli or fifth abdominal segment). 

The significance of the presystolic notch is not entirely clear. 
Theoretically it should result from any presystolic^. force or forceps 
that produce a ventrad movement of the ventral wall of the heart 
or of the adjacent region of the dorsal diaphragm. From a. con¬ 
sideration of the anatomical relationships of the dorsal diapliragm 
to the cardiac tube in the American cockroach, it becomes apparent 
that the presystolic ndtcli may be tlie result of ahuy muscle con¬ 
traction, especially of tho.se alary muscle fibers that lie approximately 
in the plane of the doi’sal diaphragm. It is also obvious that the pre¬ 
systolic notch may result from a passive dilation of the cardiac tube 
by an increased pressure of intracardiac fluid resulting from a con¬ 
traction wave occurring in another region of the heart than that pro¬ 
ducing the mechanocardiogram. Some evidonce has been obtained 
that the presystolic notch can result from increased intracardiac 
pressure produced in the manner just suggested. No evidence has 
yet been obtained as to whether the presystolic notch may also be 
catised by alary muscle contraction. The correct interpretation of 
the presystolic notch must await further investigation. 

In these experiments, as in those of Kojantchikov {2), it has been 
observed that as the rate of heartbeat increases the length of the 
diastatic period decreases until, with a rapid heartbeat, it may en¬ 
tirely disappear, in which case each systole begins at some point in 
the fast portion of the diastolic period. 

At a given moment the effect of nicotine upon amplitude may be 
relatively independent of its effect upon rate of contraction. In 
fi^re 7, Nicotme 1 and Nicotine 2, the mechanocardiograms were 
obtained at times during the onset of the nicotine effect when the 
rates of beat were not very different from that of the preparation 
before nicotinization; yet the contraction amplitude is markedly 
affected, especially with respect to relaxation. The cardiac mecha¬ 
nism t^ds to remain in a systolic condition and eventually (Nico- 
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tine H) coiuos to systolic arrest. This observai.ioii is in agreement 
with the conclusion of Burridge (/) and Langley {3) that nicotino 
tends to de(*rease the ability of striatc<l musch^- to recover from the 
(contraction state. 

Tlie m(‘.thod described here is applicable not only to the cockroach 
heart but also to the hearts of many other insects, provided the size 
and form of lever and its hair attachment to the heart are adapted to 
the particular species of insect employeci. The method can also be 
used to record movements of various parts of the alimentary tract of 
the dissected preparation and to study the effects of pharmacological 
and toxicological substances upon various regions of the alimentary 
tract and other mechanically active portions of the insect body. 

SUMMARY AND CONCLUSIONS 

With the jdiotographic method describ(‘.d in this paper, records 
(mechanocardiogramsj of the insect heartbeat can be obtained of 
siifii('ient size and clarity to serve for analysis of the cardiac mechanism 
and the effects of various factors acting upon it, including the effects 
of various })harma(3ological and toxicological substances; it can bo 
similarly used with respect to the alimentary tract or other mechani¬ 
cally active portion of the insect body. 

Both rate and amplitude of insect lieartbeat in the isolated prepara¬ 
tion can be simultaneously and quantitatively measured by this 
method. 

From the pn'liminary experiments reported here, the following 
(conclusions have been reached with regard to the isolated lieart 
j)rei)aration of the cockroucch PeripUineta americana (L.): 

The detailed form of the mechanocardiogram varies with the site of 
attachment of the lever to the heart, but in general, with a low rate of 
beat, indicates a cardiac cy(‘le consisting of systole, diastole, and 
diastasis. 

As the rate of beat increases, the diastatic (rc'st) period tends to 
bec'ome shorter and, with a sufficiently high contra(‘tion rate, may 
disappear. 

Usually the systolic rise of the mechanocardiographic curve is 
preceded by a marked sudden fall, for which the name ‘‘]>resystolic 
notch^^ is suggested. 

The significance of the presystolic notch is not complet<?ly apparent, 
but evidence has been obtained that it can result from increased in¬ 
tracardiac pressure. 

Nic(>tine can markedly affect amplitude of beat with relatively 
little simultaneous effect upon contraction rate. 

Nicotine appeal's to decrease the ability of the heart to relax, with 
the result that it may be brought to systolic anest. 
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THE TOXICITY OF PHENOTHIAZINE AND SOME OF 
ITS OXIDATION PRODUCTS, IN EXPERIMENTS WITH 
CARASSIUS AURATUS' 


By W. A. Geiisdokff, associate chemist, and H. V. C/LABOIin, formerly junior 
chemist, Division of Insecticide Investigations, Bureau of Entomology and Plant 
Quarantine, United States Department of Agriculture 


INTRODUCTION 


Recently it was reported^ that, in the course of pharmacological 
experiments on rats with a newly proposed insecticide, phenothiazine 
('?, evidence had been found in the feces of the rats of a colored 
<lerivative of this substance that possessed strong bactericidal proper¬ 
ties. This suggested the possibility of the existence of toxic oxidation 
])rodiicts of plienothiazine. Unpublished results of tests for insecti¬ 
cidal action, however, with two such products, pl)enothiazone and 
phenothiazine sulphoxidc, made by E. il. Siegler, of the Division of 
Fruit Insect Investigations, against larvae of the codling moth, and 
by D. E. Fink, of the Division of Control Investigations, against 
mosquito larvae, have indicated little, if any, toxicity of these com¬ 
pounds to these insects in comparison with that of phenothiazine. 

A stud}^ of this subject was undertaken by the authors with a method 
in which the goldfish {Carassius auratm) is used as a test animal. 
Because the goldfish is \ery susceptible to certain types of poisons, 
relatively low concentrations are permitted, thus increasing the 
chances of the tests being made within the range of solubility. 

The substances studied were phenothiazine, phenothiazine sulph- 
oxide, phenothiazone, and thionol. For comparative purposes a series 
of tests was also made with rotenone. The relationships of pheno¬ 
thiazine and its derivatives are sliown by their structural formidas. 
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PheHotliiazine was ])repare«l by the method described by Smith and 
bis coworkers (8). One mole of diphenylamine and two moles of 
sulphur were fused at 180° C. with the use of iodine as a catalyst. 
The reaction product recrystallized from toluene gave the pure pheno¬ 
thiazine, a light yellow crystalline compound melting at 180° O. 

Phenothiazine sulphoxide was prepared by the oxidation of pheno¬ 
thiazine with liydrogen peroxide as described by Pummerer and 
Gassner (y). It is a slightly yellow crystalline compound wdiich molts 
at 250° C. 


> Hecolved for publication Nov. 13, 1937; issued April 1938. . ^ 

^ By Floyd De Eds, h 0 Thomas, and C. W. Eddy, of tho Bureau of Chemistry and Soils, b. S. Depart- 
Mient of Agriculture, and A. B. Stockton, of Stanford University Medical School, at the meeting of the 
American Society for Pharmacology and Kxxierimental Therapeutics at Washington, Ii. C.-., on March 
“O, 1930. 
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Plienotluazono is a purplish red crystalline compound melting at 
H)2® C. Jt was prepared by the oxidation of phenothiazino with 
anhydrous ferric clilorido by the method described by Pumincrer and 
Gassner (7). 

Thionol was prepared by treating thionin with sulphuric acid ac¬ 
cording to a method described by Bernthsen (f), although it was 
found necessary to decrease the sulphuric acid to 65 percent. The 
compound is a greenish-black crystalline powder having a metallic 
luster. It does not melt sharply; but, since it is soluble in both con¬ 
centrated hydrochloric acid and ammonium hydroxide and gives all 
the color tests reported by Bernthsen, there is no doubt as to its 
identity, 

EXPERIMENTAL PROCEDURE 

The method of making the toxicological tests was essentially the 
same as that described in a previous paper (S), Goldfishes of a single 
lot were used, and a constant temperature of 27° ±0.2° C'. was main¬ 
tained. The fishes weighed approximately 5 to 7 g. 

Except in the case of phenothiazone, acetone was used as a disper¬ 
sive agent, stock solutions of the substances being prepared with it, 
from which the proper aliquots were taken for the tests. In the 
making of the test solutions, a higher concentration of acetone than 1 
cc per liter of water, which is a concentration nontoxic to goldfishes 
weighing 2 g or more, was avoided. Phenothiazine and pnenothia- 
zine sulphoxide are so insoluble in water and, possibly only on that 
account, so slightly toxic that in the high concentrations needed they 
precipitated quickly. Thionol is but slightly soluble in acetone and 
alcohol (which could have been used in place of acetone) as well as in 
water, and the acetone used in the tests was little more than a wetting 
agent. As phenothiazone is soluble in water at the concentrations 
used, this solvent was used in preparing stock solutions. Acetone 
was used, as is customaiy, in the preparation of the test solutions of 
rotenone; the aqueous solution, however, was apparently complete at 
the highest concentration used. 

results'" 

The toxicological data are given in table 1. It is at once apparent 
that phenothiazone, the only one of the sulphur compounds readily 
soluble in water, has a comparatively high toxicity to goldfish of this 
size. The toxicity of this substance as compared with that of rotenone 
is seen from the survival-time curves of figure 1 and the velocity-of- 
fatality curves of figure 2. Curves are also drawn for phenothiazine, 
but it must be emphasized that they are only an indication of toxicity 
under the conditions of suspension. 

The frequency distributions of the observed survival times for both 
rotenone and phenothiazone do not have the pronounced skewness 
characteristic of phenolic compounds previously studied (5, 6*), which 
led to the use of geometric rather than arithmetic moans. Those of 
rotenone, however, are much more skewed than usual, seemingly 
because of the much greater resistance of these larger goldfish to this 
compound. In view of this, and also to make possible ready com¬ 
parison with recent work, geometric means were again used in drawing 
the graphs and in expressing relative toxicity. 
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Fi<i\ RE I --Siir\ ivul'liitu' curvts for plienothm/.oiie, rotentme, and phenothiazine. 



FWiTBE 2.~-V6locity-0f-fatality curves for phenothiazone, rotenone, and phenothiazine. 




280 


Journal oj AgricAtltural Research 


voi. so, No. 4 


Table 1 . —Toxicity of phenoihiazine and its oxidation derivatives and of rotenone 
to goldfish at 27.0^ hO.2^ C. 


Compound and concentration > 
(milligrams per liter) 

Fishes 

used 

Mean 
length of 
Ashes 

Mean 
weight of 
Ashes» 

Mean survival time ^ 

1,0004 geo¬ 
metric 
mean sur¬ 
vival time 
(velocity 
of fatality) 

Arithmetic 

Cleoinetric 










Phenothiazine: 

Numher 
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MinvJLeti 
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60.0. 

2 

6.5 

7.5 

en. 360 


ca. 360 

2,78 

16,0... 

9 

C) 

(*) 

>450 



>400 

<^"2. .50 

10,0 .. 

10 

61 

6 6 

800:4^110 

730 

IXfl. 18 

1 37 

8.0 . 
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57 

.5. .5 

730dfcl00 

060 

f-: n. 13 

1..52 

4.0. 

8 

0) 
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>1,.500 
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’ .(.7 

1.0 - 

12 

0) 

(‘) 
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Phenothiazine sulphoxide: 
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.w.o. 
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{*) 

0 ) 
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3 

(») 

0) 

(48 hours) 

_ 

1 - 

Thionol 





1 

60.0.... 

3 


(*) 

(23 hours) i 



_ , ; 

1 . 

10.0 . 

10 


(O 

(.30 hours) ! 




i -- . 

1.67. 

10 

(•) 

(‘) 
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Phenothiazone 




1 


60.0. 

1 2 

,59 

6.0 

40db3 

40 


(1 07 1 

25 0 

15.0.-. 

10 

.59 

6 0 

43:4-3 

42 


1.07 j 

! 23.8 

12.0 

9 

.56 ; 

5 3 

f>ld :2 

60 


1 ,(W ' 

16.7 

9.00. 

1(1 

58 ! 

5 8 

82Jr3 

1 8 (‘ 


1 04 1 

12 6 

7.50. 

10 

57 

5 4 1 

' 10l=tr3 

1 UK) 

vi 

1.03 1 

10.0 

6.00 . 

10 

59 

6,0 

131:4:3 

130 


1.03 

7.69 

4 00-..-. 

11 

1 Mi 

5 2 

183db-3 

182 


1.02 

6 49 

3 00. 

10 

68 

6 7 

2594:7 

257 


1.03 

3.89 

2 57. 

9 

60 

3 

3074:17 

299 i 


1.05 

3. 34 

2 .(K). 

12 

59 

6 0 1 

480=fc;tK 

446 


i 09 

2 24 

1.00 . 

12 

58 

5.7 I 

9'l0=fc77 

874j 


1 08 

1 11 

Kotenono’ 



1 






1.600. 

13 

62 

6.8 j 

1304-6 

127) 


fl.04 

7 87 

0.800.. 

1 ft 

.57 

5 5 ! 

1.574:5 

155 


1 03 i 

6 45 

0.600. 

2.5 

58 
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2024:10 
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1 06 ! 

,5 35 

0 400. 

17 

58 
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2394:1.5 

223 

,X( 

'1.07 

4 4S 
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34 

.58 

,5 6 1 

2834:12 
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It 

1.04 

3. 76 

0.225.. . ! 

fi 

.57 

5.3 1 

:i064:3ft 

282 


1. 14 
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0 160.1 
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‘ As the lirst three compounds are insoluble, the figures ‘dignify the quantity adde<J to the \valer, the 
lust two compounds form true solutions. 

3 Estimated from length, which meusurenient exclmles the tail. 

3 The limits of error indicated are probable errors of the means. 

< Fishe.s not measured or weighed but of same approximate^ize. 

> Figures in parentheses indicate that the material was not lethnl in the time indicated. 

Since in this Case the two types of curves have reciprocal relation¬ 
ship, interpolation was possible. Therefore, the velocity-of-fatality 
curve was drawn from selected points on the more readily drawn 
survival-time curve, especially in the neighborhood of a critical point 
to be discussed later. 

The test suspension of phenothiazine of 50 mg per liter, after 
exposure to the air and light for several days, aej^uired a pinkish color 
similar to that of phenothiazone at a concentration of about 1 mg per 
liter. So slight an increase in a toxic effect already but poorly defined 
could not be demonstrated with the small number of fiahes permitted. 

The test suspension of phenothiazine sulphoxicle of the same con¬ 
centration acquired in a few days a deeper color similar to that of 
phenothiazone at a concentration of 4 to 5 mg per liter. In the same 
time appreciable toxicity had developed, two fishes being killed in 
140 minutes. Just before this test the suspension was aerated for 
half an hour, to avoid any toxic effect due to depletion of oxygen. 
During the test there was no evidence of oxygen hunger on the part 
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It therefore appears that, whereas phenothiazine sulphoxide may 
change appreciably on exposure to air to a compound coloring solu¬ 
tions similarly to phenothiazone and about as toxic, such a change in 
phenothiazine is slight. Within an organism, however, conditions 
for oxidation may be better than in this simple test, the toxic effect 
being limited only, as in the case of the goldfish, by the ‘finvadability’^ 
of the compound. 

DISCUSSION^ OF RESULTS 

It is aiiparent at once from the curves in figures 1 and 2 that pheno¬ 
thiazone is appreciably less toxic than rotenone. The quantitative 
ratio depends somewhat on the method used in making the compari¬ 
son, as emphasized in previous papers (4, 6), A method that com¬ 
pares toxicity in the range of most efficient action is the comparison 
of the minimum jiroducts of concentration and survival time (4). 
These values are calculated directly from the survival-time curves. 
They may, however, bo determined geometrically from the velocity- 
of-fatality curves by drawing the maximum tangents to the curves 
from th<^ origin, as indicated in figure 2. In the latter case the slope 
of these lines, expressed in the units of the two variables, will give the 
reciprocals of the minimum products. The data for comparison by 
this measure are given in table 2. The minimum product of concen¬ 
tration and survival time is designated by Cmtm and, since toxicity 
varies inversely with this value, its reciprocal is also given. Its 
approximate coordinates Cm and tm are given so that the region of the 
curve fulfilling this condition may be located readily. 


TiNBLK 2.— Relative toxicity to goldfiah at C. of phenothiazine, phenothiazone^ 

and rotenone 
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4K 
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. 1*2 ! 
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6.0 

.17 ! 
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These results show that, when compared at the range of most 
efficient toxic action to goldfish of this size at 27*^ C., rotenone is nearly 
10 times as toxic as phenotluazone, and the latter is approximately 10 
times as toxic as phenothiazine. It must be stressed, however, that 
the phenothiazine is not wholly in solution, and because of the wide 
distribution of results the values give only an indication of the relative 
toxicity under these conditions of suspension. Likewise, the insolu¬ 
bility of phenotliiazine sulphoxide and thionol may preclude any toxic 
action under these conditions. 

The fact is significant that, on standing, the test suspensions of 
phenothiazine and phenothiazine sulphoxide acquired a pinkish color 
similar to that of phenothiazone solutions, accompanied by an increase 
in toxicity. This change was much the greater in the case of the 
sulphoxide. In addition such suspensions, as well as the filtered col¬ 
ored solutions, showed a delayed toxic action, as indicated by the fact 
that fishes taken from incomplete tests in an active upright condition 
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ami placed in fresh water later die«l. It therefore appears likely that 
these two conipounds may oxidize to a more toxic compound, which 
may bo phenothiazone. 

SUMMARY 

A study w^as made of the toxicity with respect to concentration and 
survival time at 27° C. of pheiiothiazine, phenothiazine sulphoxide, 
phenothiazone, and thionol, and the results were compared with those 
for rotenone. Goldfishes of the same lot w-eighing approximately 
from 5 to 7 g were used as the test animals. 

Phenothiazone dissolved completely, the other sulphur compounds 
but slightly, in water at the concentrations required. 

The most toxic of the sulphur compounds under the conditions of 
the comparison was phenothiazone. According to the minimum 
product of concentration and survival time, which measures toxicity 
at its range of most pow’erful action with respect to these two variables, 
phenothiazone was onc-tenth as toxic as rotenone, but was itself 10 
times as toxic os phenothiazine. 

Phenothiazine sulphoxide and thionol were not appreciably toxic 
to goldfish of this size. 

Test suspensions of phenothiazine sulphoxide acquired appreciable 
toxicity when exposed to the air for several days and took on a reddish 
color similar to that of solutions of phenotliiazone. Test suspensions 
of phenothiazine went through a similar change but to a lesser degree. 

It appears probable, therefore, that the toxicity of plumothiazine 
to goldfish may be due to oxidation, after absorption through the gills, 
to a more toxic compoutid, which may be phenothiazone. In that 
case the toxic effect is small because of* tlie insolubility of phenothia- 
zinc. 
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A PORTABLE INSTRUMENT FOR THE ANALYSIS OF 
HYDROCYANIC ACID GAS-AIR MIXTURES ‘ 

By 11. J. WiLMOT, Hpecialistf Fumigation Researchy Florida Agricultural Experiment 

Slalioriy and T. N. Gautier, instructor in physical scicnccy University of 

Florida ^ 

INTRODUCTION 

From the inception of fumigation research in Florida, it has been 
felt that an apparatus giving instantaneous concentration readings of 
various fumigants during the fumigation process would be a boon to 
the worker in this field. Fumigation experiments have revealed 
that most of the harmful agricultural insect pests succumb to very 
low concentrations of hydrocyanic acid gas in air. The analyzer for 
tise in studying the effects of IICN as an insecticide must, therefore, 
measure low concentrations of the gas (less than 1 percent) to within 
a few hundredths of a percent. A search of the literature failed to 
locate an instrument of this sort until mention of a simple device for 
jneasuring concentrations of IK^N in air was found in a paper by 
Petcu’s.'^ Details of this instrument wen* not given in the paper and 
subsecpient coiTespon<lenc(» brought word from the author that the 
ap])aratus was not practical. In the face of this, however, work was 
started on the apparatus to be described. 

The instrument depends for its operation upon the presence of a 
combustible gas mixed with air, ])assing through a *^celP^ containing 
an electrically heated ])latinum wire. If the current in the ^\^rc and 
the flow of the gas mixture through the cell are kept constant, any 
combustion of the gaseous mixture taking place at the surface of the 
])latimim wire will cause a definite, increase in the resistance of the 
wire which can be detected by means of a Wheatstone bridge. 

THE CELL 

It was found by experiment, using a potentiometer, that No. 3G 
platinum wire was the smallest gage filament that could be used and 
maintain consistent results, and that a heating current of approxi¬ 
mately 1.4 amperes was required to heat the wire to the combustion 
point of the gas mixture. At this temperature the wire glows a dull 
red. Accordingly the cell was designed to carry 7 cm of No. 30 
platinum wire giving approximately 2.5 volts drop when carrying 
1.4 amperes of current. 

Several shapes and designs of cells were tried before the one shown 
in figure 1 and described below was adopted. In this cell the heated 
filament is placed directly in the flow of gas; this is made necessary 
by the low concentrations of HCN used, and requires that the flow^ 
of gases be kept sensibly constant. The arrangement has the advan- 

^ Iteceivod for publlealion August 10, 1037; Issued April, 103S, 
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rendereti by L. W. Gadduni, biochemist, Florida -Agricultural Experiment Station, and K. C. W illiamson, 
professor of physics, Tfiuversity of Florida. , ^ i 
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iage, however, that no bulky cooling baths for the cell are required; 
the passage of the gas mixture through the cell carries away excess 
heat. To facilitate this cooling action, several turns of the copper 
tubing leading the gas mixture to the cell are wound around the cell 
and the unit is wrapped in asbestos paper to eliminate the effects of 
air currents. 

The filament is zigzagged across the cell and welded to two lead-in 
wires of nickel-chromium alloy which are, in turn, soldered into two 
brass bolts passing into the cell through airtight bakelite sleeves. 
This end of the cell is threaded into the other half so that the filament 
is easily exposed if repairs are necessary. 

The above-described cell departs somewhat from the type used in 
the Mine Safety Appliances Co.'s combustible gas indicator, and that 
of the Leeds & Northrup CO 2 recorder.* 

GAS CIRCULATION 


As mentioned above, the flow of gas past the filament must be 
maintained at a constant value, and in fumigation it is also necessary 

to draw the gas from some 

Platinum filament a KAnoiicA if ic iincsof/i 


distance because it is unsafe 
for the operator to enter the 
space being fumigated. 
A flow of 1 Ihcr per minute 
was found to give satisfac- 
. tory sensitivity and steadi¬ 
ness of operation. To supply 
this circulation a positive ro¬ 
tary pump was constructed. 
Driven by a small 6-volt 
motor, the pump is capable 



Copper 

tubing 


BakeLite sleeve Rubber gasket 

Figure 1.—Cell with h#»ated platiniun fllainent through 
w'hich the gas flows. 


of drawing a sample from a distance of over 100 feet through a }i-incli 
copper tube at the rate of 1 liter per minute. The motor under normal 
load uses approximately IJ 2 amperes of current. 

It can be seen that the use of this instrument in connection with 


experimental work wdth furnigatoria is limited to those of the larger 
size because of the fact that it is necessary for tlie sampling flow to be 
continuous. At least, it should be to give satisfactory results. In a 
100-cubic foot fumigatorium, however, the concentration would only 
be reduced six points in the third decimal place with a theoretical 
concentration of 0.3 percent HCN by volume. The instrument has 
been used in connection with a 20-cubic-foot box ® with a flow of one- 


half liter per minute and it w’^as calibrated accordingly. In this case 
there w’^as no leakage and the volume decrease could be compen¬ 
sated for. 

The sampling tube te connected to the instrument by means of a 
brass copper-tubing connection fastened into the instniment panel. 
This connector is drilled and tapped out to hold a small brass tube, 
one end of wliicli is covered with fine copper screen to act as a flash¬ 
back arrestor. From this connector a copper tube carries the sample 


4 BOSBCRANS, CKAKDAIX Z. automatic QAS AKAUYSIS recorder VOR the range or 0 TO 3,5 PERCENT 
or oos IN AIR. Jour. Optical Soc. Amer. and Kev. Bci. Instruments 14:479,4i)0> iUus. 1927. 

* Camp, A. F., and wu.mot« K. JT. fukioation research in Florida. Fla. State Plant Bd. Monthly 
Bull. (1930-dl) 15 {5>S): 1-35, Ulus. 1931. 
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to the flowTiieter. This flowmeter is an adaptation of the usual type 
changed in form so that it can be read on a horizontal plane. It is 
blown from 1 mm capillary pyrex tubing, and in order to have the 
liquid come to the center or indicator mark on the arm wliich shows 
through the bakelito panel, it i.s necessary to adjust the size of the 
orifice ami the volume of the liquid by trial and error until the correct 
combination is found (fig. 2). In order to make the orifice adjustable, 
a short length of copper tubing was flanged on both ends and a disk 
of platmum foil soldered into one end. The foil is pierced with a hole 
approrimately 0.02 inch in diameter. Platinum was used to obviate 
corrosion and subsequent change in calibration of the flowmeter. The 
length of copper tubing is inserted into the flowmeter and is held in 
place by means of short lengths of rubber tubing, as shown in the 
diagrani. The liquid used is kerosene, which has been treated with 
sulphuric aci<l to remove the 
unsaturated hydrocarbons 
and then colored with a little 
piasoline dye. Next to the 
flowmeter is the needle valve 
which is nsed to control the 
flow. It is a ,^^-inch valve 
with copper tiil)ing connec¬ 
tions and a knurled knob re¬ 
placing the usual T-tyi)e 
handle. From the valve the 
sample passes througjh cop- ^ 
per and rubber tubinp; to the 
cell, then through a IICN gas¬ 
mask canister, and from it 
through a 1-pint expansion 
chamber to the pump, A 
small hole is drilled in the last 
length of tubing to let in extra 
air to compensate for the 
excess suction of the pump. 

The nump (fig. 3) is con- 
structea of brass and steel 
with a brass rotor and a steel 
housing which is bolted di¬ 
rectly to the motor housing. 

'Hie rotor is approximately 
five-eighths of an inch thick and l}i inches in diameter, with six vanes 
sot into it. These vanes arc of composition similar to Bakelito one- 
sixteenth of an inch thick and thi*ee-eighths of an inch long and are sot 
into the rotor at an angle of 30° to the radius; if rotation is clockwise 
they should point counterclockwise outw^ard. The housing is bored 
o\it one-eighth of an inch off-center so as to be eccentric to the rotor. 
The inlet and outlet are spaced equally on each side of the point where 
the rotor and housing touch. A second hole is placed next to the inlet 
for an oil cup. The oil inlet must be very small, jireferably adjustable 
so the amount of oil entering can be kept to a minimum, and the oil 
used should bo of the lightest grade obtainable. 
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Inlet 
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screw head 
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for cover 
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Outlet 
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receptacle 



Copper tubtno 
connector adapted 
\for oil inlet 

Copper 
tubing 

Vane 
Rotor 


Fiouke a.-—'J’he imini). 


ELECTRICAL CIRCUIT 

In the interest of portability, automatic cuiTent conij)ensatiou and 
attendant bulky cooling baths have not been used. A 0-volt storage 
battery is necessary because of the heavy currents used by the bridge 
and air pump but, in the present-day use of automobiles, one is 
usually available nearby. 

It was found impractical to give each of the bridge arms the resist¬ 
ance values called for by the 
resistance of the filament. 
Had this been done heavy 
current and correspondingly 
heavy resistance wire would 
have been necessary in both 
branches. The final com¬ 
promise leaves the bridge 
symmetrical about an axis at 
right angles to the current 
and as nearly symmetrical 
about the othei* axis as is 
necessary to give proper 
sensitivity. 

The current rheostats ^ (fig. 4) are a 112 and a 312 in parallel, the 
312 being used as a fine adjustment on the 112. These rheostats should 
be of a heavy-duty type capable of dissii^ating 250 watts under con¬ 
tinuous load but should have sufficient ^^dndings to give smooth opera¬ 
tion. Resistance xc is approximately 8 feet of 
No. 18 resistance wire rated at 0.1812 per foot 
with a temperature coefficient of 1.002 for a 
change of 73® C. This is space-wound on a 
porcelain tulxi 1 inch in diameter, 5K inches 
long, and is enclosed in an asbestos box. The 
slide wire p (position dc, fig. 4) is a 12-inch length 
of similar resistance vjdro mounted around the 
edge of a 4-mch bakelite disk, on the upper side 
of which is placed the calibrated cfird seen 
through a window in the bakelite panel. A 
shunt, in this case an equal length oi the same 
land of resistance wire, permits regulation of 
the effective resistance of the slide wire which, 
in the present design, is 0.11512. Flexible leads 
connect it to resistance xc and the filament ef. 

The brush on the slide wire is of the brass 
plunger type with a spring to maintain the 
tension against the wire. A piece of platinum 
foil is soldered to the end of the plunger to give 
a good contact surface. The lead from the 
brush is connected to one corner of a two-pole, 
double-throw switch (fig. 5, /I, (>)• 'l'‘he adja¬ 
cent corner of the switch is connected betwt'nn 
the 50012 resistances I and m (fig. 4). These resistances are wire- 
wound and will not change with ordinary changes in temperature. 
Hie center poles of the switch are connected to a center-isero type gal¬ 
vanometer with a tapping key in the circuit. The galvanometer has a 








/ 
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Fn.uitK 4." Circuit diagram: 
Total amiterage. 3 0a; flla* 
ment amperage. J.4a; resist¬ 
ance xa, 0 05811; resistance 
xb, 0.» 3 6 It: resist anre xc, 
j.464Si; resistance cd, o.lisu, 
filament ef, 7 cm of No. 36 
idatinum wire; g. galvanom¬ 
eter; resistance a, 50it; i. 
two Ufi-volt batteries; resist¬ 
ance lUand 311 rheostats In 
riarttllel; k, blower switch; 
resistance /-m, .50011 each; 
resivstance n, 20 t)n; o. slide 
wire brush; p, slide wire. 
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sensitivity of ajiproxiiuately 2 microamperes per division and a re¬ 
sistance of approximately^ 125Q 

The current elieekinp eu-euit is standord. Tlie span xa in x+c (fig. 4) 
can be quite small, as its i-esistaneo need only be enough to allow com- 



Fuutrk ft.— a, Ksterior oX thoaniUyuor: 1, Hlowor switch; 2, sanipliiie-tulie connwtion; 3, key in Kalvaiionio* 
ItT drciiit; 1, nwdlo-vnlvo knob; ft, flowmeter; «, double-throw douhle*fH>le switch. Ji, Interior of tlu‘ 
luitilywr: fi, Flowmeter; 7, motor and pump; 8, cell; \h expansion ebatnlH^r; JO, gas-mask ctiuister. Letters 
refer tt» letters on circuit <liagrnm in flg. 4. 


ponsation for small variations in the zero l>alau(*e of the circuit which 
will occur from time to time due to changes in temperature and rela¬ 
tive humidity between experiments. The voltage divider shunt 
should have a resistance large enough to prevent an appreciable 

57007—38-4 
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current from flowing through it, and in this case is a 20012 potentiome¬ 
ter rheostat (fig. 5, A, ‘‘CHECK’’)- It has a power rating of 5 watts. 
The brush on p is connected to the wire-wound resistance h (fig. 4), 
w’hich is a 5-watt 5012 resistance. Tlie resistance of h determines the 
sensitivity of the check circuit; h, in turn, is connected to the positive 
pole of two l}^-volt flashlight cells (i) in parallel. A standard cell 
could be used at this point for greater accuracy, with corresponding 
changes in xa and xb and A, but it was thought that the cost was pro¬ 
hibitive. The negative pole of the battery (i) is connected to one of 
the remaining corners of the double-throw switch and the last corner 
of the switch is connected to the point b on resistance xc. The value 
of xb is approximately 0.93612. It w^as found that, in determining the 
proper position of cormection b, if the battery connections were prop¬ 
erly made, that is, with the positive pole of the storage batteiy to j, 
the positive pole of i to xa, and the + terminal of the galvanometer to i, 
when the galvanometer needle throw^s to the loft, 6 should be moved 
toward c, and if to the right, toward x, 

OPERATION OF THE INSTRUMENT 

Before the pump is started the bridge is allowed to “warm up.” 
This w^arming up begins as soon as the battery connections arc made 
and is necessary because of the relatively heavy currents employed. 
The sampling tube is connected to the instrument and placed in the 
area to be sampled before the gas is released. After 15 or 20 minutes, 
when a temperature equilibrium haa been reached, the pump may be 
switched on, and the flow adjusted to T liter per minute by opening the 
needle valve until the liq^uia in the flowmeter is brought to the indi¬ 
cator mark. With the dial of the slide wire p (fig. 5, A) set at zero, 
and the double-throw switch in the “Read” position, the galvanometer 
is brought to zero by means of the current rheostats j. nlien there is 
no further change the switch is throwm to the “Check” position and the 
galvanometer brought to zero by means of the potentiometer rheostat 
n (“CHECK”). After this setting is once made it is not changed 
during the course of the run, and the current rheostats are used to bring 
the current to the value determined by the initial “Read” setting with 
dial at zero. 

The HCN is then released and reading are taken at any desired 
interval directly off the slide-wire dial, first making sure the flow is 
correct, by throwing the swdtch to “Check” and bringing the gal¬ 
vanometer to zero by means of the current rheostats, and then throw¬ 
ing the switch back to “Read” and bringing the galvanometer to zero 
by means of the slide-wire p. The reading is then taken off the slide- 
wire dial. This whole operation can be done in less than a minute. 
If the concentration is changing rapidly it is best to use the average 
of two readings. The arrangement of tne controls is shown in figure 5. 

The sampling tube has to stay in its initial position because the 
initial settings made were for the particular conditions under which the 
fumigation w^as being made and they compensate for the changes that 
different combinations of temperature and relative humidity might 
have on the readings. This was thought to be simpler than to cali¬ 
brate the instrument imder standard conditions and then work out 
correction tables for various combinations. If a number of points in a 
fnmigatoriuin are to be sampled, there is no reason why the instrument 
cannot Jbq, connected to a manifold and gas be selected from any of 
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several points by a system of valves. Time would have to be allowed 
for the tube just coming into use to be thoroughly flushed out with the 
gas before readings were taken, but with a flow of a liter per minute 
this would only be momentary. 

The instrument cannot be set to zero outside of the space being 
fumigated unless the operator is sure that the conditions are the same 
as they are inside, mien this is the case, there are no objections to 
doing so. It is possible that, in orchard fumigation, for instance, the 
instrument could be moved from tent to tent because the conditions 
would not change materially from one tent to another. 

Wlien the instrument is used in a glass system such as Allison’s,® 
having means for measuring and controlling atmospheric pressure, 
temperature, and relative humidity, the flow is started through the 
system and the instrument brought to a balance following the usual 
procedure. The system must be flushed out for some time after use 
so that there will not bo any residual HCN to cause an error in the 
setting. The flowmeter in such a system can be used to calibrate the 
flowmeter in the instrument. The flowmeter, pump, gas-mask can¬ 
ister, etc., in the instrument are of course unnecessary when such a 
system is used because the flow can be nuiintained by the other means. 

CALIBRATION 

(Calibration readings were taken in two ways: One while the analyzer 
w as connected into a glass system such as is mentioned above, having 
means for measuring and controlling temperature, relative humidity, 
and atmospheric pressure, and another in which tlie sample w as drawn 
from a fumigatorium while it w^as in operation under actual field 
conditions. In each case chemical analysis, by a variation of the 
Ijiebi^ method,® provided the concentration data used in calibrating 
the slide-wire settings of the analyzer. It was found that, by having 
the check circuit adjustable by means of the potentiometer r?, a 
calibration would hold for a tetnperature range of 10® C, (from 20® 
to 30®) and a range of relative humidity from 20 percent to 90 percent. 
The concentration readings obtaine<l wdth the instrument are accurate 
to about 4:0.02 percent llCN by volume under field conditions. The 
(calibration was made in percentage by voliune since the method of 
chemical sam})ling employed volume ratios. Figure 0 is a sample 
calibration curve in wliich the chemical analyses have been plotted 
against readings from an arbitrary linear scale on the slide-wire dial. 
Using the calibration curve, a concentration scale was marked on a 
circtuar card and attached to the slide wire p. 

APPLICATION 

The instrument described above will analyze hydrocyanic acid 
gas-air mixtures accurately under most conditions \mder which fumi¬ 
gation is carried on. It can, therefore, be used to determine whether 
or not buildings, holds of ships, etc., can be safely entered. It can 
also be used to determine whether or not the fumigation is being 
carried on efficiently, because, after all, it is the concentration of the 
gas reacliing the insect that effects the kill. 

It is believed that the instrument may be modified for use with other 
fumigation gases such as carbon bisulphide, since preliminary experi- 

• Almson, Jamils B. sfUDiKs on the toxicity or hydrocyanic acid. Iowa State Coll Jour. Sci. 
2:243-miHu8. 192$. 
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ments show a definite response of the instrument to low concentra¬ 
tions of CS 2 . 



Kkumie rt,—'Siimple mlibration curve in which chemical Aimlises for IJl’N were plotted aKaiiust readings 
from an arbitrary linear scale on the slide-wire dial. 

SUMMARY 

An instrument which analyzes hydrocyanic acid gas-air mixtures by 
physical apparatus is described. The sample is pum])ed from the 
space containing the gas by moans of a small motor-driven piuiip 
contained in the instrument, and passed over a hot platinum filament; 
the change in resistance of the filament is then measured by means of 
a bridge, and translated into percentage of HCN by volume. Its 
accuracy is ± 0.02 percent HCN by volume. 



FUNGUS GROWTH IN SHELLED CORN AS AFFECTED 

BY MOISTURE' 

Jiy i^KNJAMiN Koehler 

Chief in crop pathology, Department of Agronomy, Jllinota Agricultural Experiment 

Station 

INTRODUCTION 

Infection of corn caused by ear-rot fungi begins soon after polli¬ 
nation and may continue until stopped either by lack of moisture in 
the grain or by low temperature. Sometimes these ear-rot fungi 
cause considerable damage after the corn is cribbed or shelled and 
placed in storage. The study here reported was made to determine 
at what moisture limits growth of car-rot fungi may take place at a 
temperature suitable for their development. To facilitate study, all 
the grain used in the experiment was first shelled from the cobs. A 
number of aspe.rgilli and penic‘illia became conspicuous in the corn 
stored under controlled conditions and these were included in the 
study. These foims have often been recognized as important storage- 
rot fungi by other workers. They have not been observ^ed by the 
writer to cause significant losses to corn ears prior to harvest except 
that they often produce moldy areas where the ears have been injured 
by birds or insects. Short progress reports of this work have been 
published (0, 12)r 

METHODS 

STORAGE CHAMBERS 

I'wo styles of stt)i’age chambers were used. When no disinfectant 
was ap])lied because pure culture work was not desired, the shelled 
corn {zea l.i.) was placed in (‘yhndrical wire baskets holding 100 g 

and hung over salti solutions in wide-mouthed half-gallon glass 
bottles, in most of the experiments the bottles were supplied with 
glass tubes 15 cm long with a 3-mm bore which were inserted through 
the rubber stox)pers that closed the bottles. This supplied aeration 
sufficient to prevent the sour alcoholic odor which developed on corn 
above a certain moisture content in chambers entirely sealed, and at 
the same time checked appreciable evaporation. In fact, under 
sufficiently limited aeration the production of metabolic water by 
resi)iration seems to compensate fully for that lost by diffusion. 

For pure culture work with a single fungus the apparatus shown in 
figure 1 was used. This method, adapted from Shippy (If), pp. 
370-372) and Hatfield (7), provided a constant humidity and fresh 
sterile air. Before the surface-sterilized shelled corn, was introduced 
the entire apparatus was sterilized under steam pressure. Some of 
the rubber tubes were disconnected during the autoclaving process 
to prevent the solution from being forced from one flask into another. 
An additional flask of salt solution at first used in tlie chain was found 

* Hijoeiveil for publication July 19, 1937; Issued April 1938. 

* licfenujce is made by numb^ (italic) to Literature Oiled, p. 808. 
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unnecessary. A battery of 12 of these sets was operated at one 
time in a constant-temperature chamber. After the first few days of 
more thorough aeration, the air flow was adjusted to one bubble in 
2 or 3 seconds. 

HUMIDITY CONTROL 

Wliile partial saturations of sulphuric acid are commonly used for 
humidity control where the relative humidity must be known (i7, 
22), in this case results were recorded in terms of moisture content 
of corn, and therefore a series of partial concentrations of any one of 
a number of salts would answer, and calcium chloride was chosen 
for use in the half-gallon bottles. A series of concentrations from 24 
to 0 percent produced atmospheric humidities which caused the com 
moistures to range from 14 to 29 percent. 

In the sets where air was bubbled through the solutions, saturated 
solutions of a variety of chemical compounds were used. The chemi¬ 
cals used are given in table 1. They are arranged in ascending order 



Figure 1.—Apparatus used for stoiiug corn under couslant>bumidity conditions with a slow unifonn 
change of air, and for protecting it from contamination with 2 uicro-orguni;mus. 

with respect to corn moisture, and therefore should also be in ascend¬ 
ing order with respect to relative humidity. The values for relative 
humidity as compiled by Spencer (ie’)«(table 1) are not in full agree¬ 
ment with this. Loss of water from a saturated solution does not 
affect the relative humidity over the solution. In actual use it was 
foimd that after a 3-month run, only a little water need be replenished 
in the end flask and there was no appreciable change in volume in 
the flasks containing chemical solutions. 

Over some salt solutions, within certain limits, relative humidity 
is affected very little by temperatyre, while over others it is affected 
considerably. Furthermore, in either case a sudden change in tem¬ 
perature would temporarily throw the humidity out of balance, and 
at high humidities the dew point is easily reached, not only on the 
inner surface of the flask but also within the com sample. Therefore, 
storage was carried out under constant temperature arbitrarily chosen 
at 70® F, 

CORN USED 

Well-developed, mature Illinois station Reid Yellow Dent ears free 
from bljemishes were selected and 10 kernels from each were tested 
on a tray type genninator. This gave an approximation of title kind 
of internal mfection, if any, the ears carried. Disease-free ears and 
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ears having grain infected with only one fungus, Diplodia zcae (Schw.) 
Lev., Fusarium niondijorme Sheldon, Gibherella zeae (Scliw.) Fetch, 
Nigrospora sphaerica (oacc.) Mason Basisporimn gallarum Moll.), 
or Cephalosporiurn aeremonium Corda were selected. The eai*s were 
further selected after surface sterilizing 20 representative kernels from 
each ear and plating on potato-dextrose a^ar. Air-diy corn ranging 
from 10 to 13 percent in moisture and with the desired amount of 
water subsequently added was usually used, but some checks were 
made by selecting ears fresh from the field which contained a higher 
percentage of natural moisture. Whether or not the corn had pre¬ 
viously been dried apparently made no difference in the results. 
This fs in agreement with the finding of Swanson (18) in work with 
stored wheat. 

Table 1Moisture content of vnsterUized shelled corn after storing over saturated 
solutions of different chemicals in closed containers ^ for weeks at ?0° F, 


Name of chemical 


Relative 
humid¬ 
ity. at 
20® C.* 


Ammouiiim sulphate.. 

Potassium brumide.... 

Potassium hvdroeen suluhale . . 



i Percent 
; 81 

1 84 

i 8f'> 

Zinr suliihate ...I_ ‘ .... . . . _ _ 

90 

Sodium suliihale.. . _ 

Sodium sulnhite .. 



95 

93 

Barium chloride. . . ___ _ . . _ 

8K 

Pota.ssium nitrate. 

Sodium tartrate. 

Ammonium dihydrogen jihosphale 

Sodium bromate .. 

Dibasic sodium phosjdinte ... _ 

Oxalic acid.. 

_ , 

., 

93 

91 

93 


. 

92 

' 95 

1 W) 

Potassium sul[>bnte.. 

Oypsurn.. .. 



' 97 

' 98 


i 


Tests 

j Moisture content 
} of corn 





1 Range 

Mean 

Ntiynber \ 

Percent 

Percent 

4 

15.2-16,2 { 

15.7 

0 

15.3-17 6 i 

16 5 

13 

17 1-19 7 

18 2 

12 

17.0-20.7 

18.6 

11 

17 9-21.3 

18.8 

15 

18 5-22 4 

19 9 

13 

19 (F-21.8 

20.2 

12 

20.7-22.6 

21,0 

4 

21.0-22.2 

21.7 

9 

21.0-23.4 

22.2 

If) 

21.5-23,5 1 

22 3 

14 

! 23. 2-25 7 1 

24.6 

4 

25 1-27 5 1 

26. 0 

7 

25 3-27 2 ! 

2fi 2 

6 

27.2-30 1 1 

:_ 1 

28.7 


> As stiov^n ill 1. 


* As reiMirted by .Spen(«r (/ff). 


The corn moistures were determined by placing about 50 g of the 
grain in an open vessel 65 mm in diameter and drying at 100° C. 
For 4 days in an electric oven without vacuum. Percentages are 
based on weight of corn before drying. 

SXTRFAOE STERIUZATION 

Where pure culture work was desired, the grain was sterilized on 
the surface with the filtrate from a fresh chlorinated lime solution. 
The time of soaking ranged from 15 minutes to 1 hour, depending 
on how much water it was desired to take up. A solution of 80 g 
of chlorinated lime per liter of water was used for the short-time 
soaks, with decreasing strengths for the longer soaks. The grain 
was treated in an open beaker with frequent stirring and then was 
transferred to a sterile wire basket and placed in the sterilized stor^e 
apparatus. Thorough aeration with sterile air to remove chlorine 
fumes and thus allow the fungi to develop was provided by the 
apparatus shown in figure 1. 
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SOME FACTORS AFFECTING THE AMOUNT OF HYGROSCOPIC 
MOISTURE TAKEN UP BY GRAIN 

VAKIABILITY IN COHN STRAINS 

Corn from different earn placed over the same solutions did not 
always come to equilibrium at the sfune grain moisture content 
(table 1). An experiment conducted with several distinctly different 
typjes of dent corn revealed significant differences in the extent to 
wliich water was taken ^ by the different types from two different 
atmospheres (table 2). Two cubic centimeters of formalin was added 
to 198 cc of water in the bottom of the jars to prevent mold growth 
on the kernels, and the corn used was selected for freedom from 
internal infection. The formalin solution proved unstable; it grad¬ 
ually lost its disinfecting power and, therefore, was replaced once 
a month. The largest quantity of moisture was taken up by the 
old type Reid Yellow Dent corn, which is a moderately rough 
^^starchy” type. The Illinois high- and low-oil and high- and low- 
protein strains (10) differ markedly with respect to oil and protein 
content. All the hybrids used were of a distinctly homy dent type 
and the moistures at the close of the test were definitely lower than 
in either one of the two kinds of Reid Yellow^ Dent. It was shown 
by Alberts (1) that starchy com takes up hygroscopic water more 
rapidly than horny corn.* Bailey (5) found differences in three 
varieties of corn with respect to their capacity for taking up hygro¬ 
scopic water. 

Table 2. —Moisture in 10 strains of dent corn where the shelled grain was stored 
free from mold in two constant atmospheric humidities in sealed half-gallon bottles 
for 10/) days at 70^ F. 


Over lO-peroent (’af solutiou Over pure water containing' 
containing 1 percent formalin 1 iierceut formalin 


Kind of corn 

1 

1 

Moisture of grain in each 
of 4 replicates 

Average 

mois- 

ttire 

Moisture of grain in each 
of 4 rei>licates 

Average 

nioi.s- 

lure 


Pn- 

Per- 

Per^ : 

Per- ; 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 


cent 

cent 

cent 

cent 

cent 

cent 

cent 

certt 1 

cent 

cent 

Station strain Reid YelJow Dent .. 

20.6 

20 8 

20.0 

20.3 

20.4 

29.0 

29 1 

28.9 

29.1 

29.0 

Old type Reid Yellow Dent. 

21.5 

21.5 

21 0 

21.4 

21.4 

29.9 

30.2 

30.1 

29.7 

30.0 

Illinois high protein. 

10.2 

19 2 

19 3 

19.7 

19.4 

27.8 

28 0 

1 27 9 

27.7 

27 9 

Illinois low protein. 

20 7 

20.7 

19.7 

20.1 

1 20.3 

28 9 

29 6 

27.8 

28.6 

28.7 

Illinois high oil. 

19 3 

19.2 

19.0 

19.4 

1 19 2 

26.8 

27.4 

27.0 

27.3 

27 1 

Illinois low oil. 

19.8 

20.2 

19.6 

20 0 

1 19.9 

29.4 

20.3 

29.2 

29.6 

29.4 

Hybrid A6 X HyJ... 

19.9 

20.0 

19.2 

19.4 

19 0 

27.5 

28.0 

27.0 

27.2 

27.4 

HybridA XKi. 

19. .3 

19.3 

1 19.3 

1 19.1 

19.3 

26.6 

26.0 

26.4 

26.4 

2fl.6 

Hybrid R126 X JL ».. 

19.9 

19.9 

10.4 

19 8 

19.8 

27.0 

27.3 

?6.5 

26.6 

26.9 

Hybrid (AXL) (HyXR4) ». 

19.2 

19.0 

19-7 

19.4 

1 

19.3 

26.7 

20.9 

26. 1 

26.8 

26.6 


1 Supplied by J. K. Holbert, formerly with U. S. Beiiartment of Agriculture. 

CONDITION OP GRAIN 

The amount of moisture taken up also is influenced considerably 
by whether the grain is moldy or free from mold (fig. 2). The range 
or variability in com moisture over each of the solutions given m 
table 1 is a combined effect of differences in corn used and differences 
in moldiness and kind of mold \ised in the different tests. Alberts 
{£) found that removal of the swd coat from the crown of com ker- 
n«s affected the speed with which hygroscopic water was taken up 
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or lost, but experiinonts by the writer iiulicated that this hud no 
elFoct on the ultiinute moisture content of the grain after 0 ({uilibrium 
with the surrounding atmosplien'. was reached, nor did previous 
killing of the grain by low temperature affect this relationship. 



FKiua* 2 " FUvSe of hygrosooric moisture la shelled corn stored in a saturated atmosphere in closed con¬ 
tainers for 12 weeks at 70® F. drain from the same ears was divided into two lots; one was placed over 
plum water and molds dovoloiied; the other was placed over water containing 1 percent of formalin and 
remained sterile. 

TIME AND TEMPERATURE OF STORAGE 

At constant humidity and temperature, corn grain comes to equi¬ 
librium with tlie surrounding atmosphere very slowly, coming close 
to it in 12 weeks’ time at 70° F., as shown in figure 2. To shorten 
this lag, sufficient water was added to the corn to bring it close to 
the desired moisture before placing it in the constant-humidity 
(diainbers, and a storage period of 12 weeks was chosen. Further 
fungus growth at low moistures might have been found if the storage 
period liad been longer, for fungus growth is exceedingly slow when 
near the critical moisture {18, 23), From a imictical standpoint, 
on the other hand, it must be considered that the moisture of corn 
in storage is seldom static, and when it is above the critical point 
for mold grow'th there usually is a tendency for the moisture to 
decrease slowly. 

The temperature chosen, 70° F., also has an important bearing on 
the results obtained. Swanson (18), for instance, found that wheat 
stored for 13 weeks at 95° F. was safe from mold growth only below 14 
percent moisture content, but at 60° it was safe for the same length 
of time at 17.4 percent. 

FUNGUS GROWTH IN RELATION TO MOISTURE OF GRAIN 

ASPERGILLUS SPECIES 

Members of the AspergiUus glaucus group ^ grow at a low er moisture 
content of grain than any other kind of fungi observed m these 

< Some isolations ot the A. gleucm group and A. veraicotar were identified by Charles Thom, of the Bureau 
of Plant Industry, U. S. Department of Agricfulture. 
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experiments. Some members of the group produced primarily conidia 
on the grain as well as on culture media while others produced pri¬ 
marily perithecia, as shown in figure 3, .land^. The green conidial 
heads were observed with the naked eye at moistures as low as 14.3 



Fiqubb 3.—Some asperellli that developed on corn at low moistures during a 3-month period at TO** F.: 
A, Greenish conidial heads of Aiperffilltu glaucus growing on the tip end of gi^ wich 16.6 percent mois¬ 
ture. B, Another form of A, glaucut producing bright-yellow perltnecia on grain at 16 percent moisture. 
Both X16. A.gtoucm occurred at moistures as low as 14.3 percent. C, /), and F. A, wentii growing at 
moistures of 16.9,16.8,18.0, and 10.2 percent, respectively. X 2. 


perc^t after 12 weeks’ storage, as shown in table 3, and bright-yellow 
peritheda appeared at a moisture percentage only dighUy higher. 
Tho^n ands^^ Fevre (BO) found members of the A. glaucus group to 
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1)0 tlie first molds ^tive in corn meal as the moisture rose above 12.f) 
or 13 percent. This was a somewhat lower moisture than tlvat found 
in the present experiments with whole grain. 

Table 3. —Critical moisture content of shelled grain of Reid Yellow Dent corn at 
which certain fungi were alle to grow 

ORAIN NOT SUIIFACE-STKRILIZET). OOMPETITION BY OTHER ORGANISMS 


Name of fungus 


Asperpillus glauctm group . 

. 1 . v'entii. _ .... 

PenictUium Slip ... 

A. ftavua . 

A.niger .. .... .... 

Fmarium moniliforme . 

Dintodia zeae. . 

OiobneUa zeae . 

Niaroanora Bvhaenca . 

GRAIN SURFACE-STERILIZED, PURE CULTURE OF FUNGUS PRESENT 


I ' t 

A. ffiauctu ffrovp .j Inoculation. . . . J 2 i 14 0 14.3 

A tfereivohr . ... do.{ 2 14 2 15.0 

A werUit .!-do .' 1 14 5 16 4 

A,ochraC€US . ... .do. .i 2 14 5 16.6 

F. notatum ..do.i 3 15. o 15.6 

P. ciridtcatum., ....do. 2 16 8 17.6 

P.palUamt .| ... do. 3 17 6 18.0 

A.ftatim . .. ..do. ! 2 18 0 18.3 

F moniliformf .j Naturalinfectiou.I 8 20 7 18.4 

A tanuxrn .; Inoculation.. . . . . 1 18 7 19.8 

A niger .do. 2 19.1 20.1 

/'. oia/tcum. do. 2 19 0 20 8 

P.expanaum ._do. 1 20 1 20.8 

Z) ictte....do -.. ... 2 21.0 21.9 

G, zeae .. . do. . 3 21 2 22 3 

N aphaerica .. . ..do-- . . . . 3 21 1 22 5 

Cfpnaloaporium acremonium .Natural infection. 1 22 1 23 4 


Aspergillus versicolor^ A, weuiii, and A. ochraceus developed at 
moistures only slightly higher than A. glaucus (table 3). A. flavus was 
not observed until a moisture content of 18.3 was reached, although 
it has been reported (^0) as occurring in com meal at a moisture as 
low as 16 percent. A, niger was found on grain with moistures of 18.3 
percent and upward, while A. tamarii, observed in one test only, 
occurred at 19.8 percent. All of these species wTre observed growing 
naturally on unsterilized corn used in the experiments, but the lower 
limit for growth could not always be determined in that way. Some 
of the fungi that were observed were, therefore, isolated in pure 
culture and inoculations were made on surface-sterilized corn. No 
effort was made to determine the number and identification of all 
the fungi occurring naturally at the different moistures. In small 
grains A. niger^ A. flavus, and A.fumigatus have been reported growing 
at 18 percent moisture (6). In another report (14) -4. glaucus and A. 
alhus were mentioned, the latter developing somewhat later and 
apparently requiring more moisture than A. glaucm. 
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Fungus growth at the lowest moistures occurred at the tip ends of 
the kernels where they had been attached to the cobs atid at places 
wliere the seed coat was broken. At slightly higher moistures by close 
inspection a sparse amount of mycelium could be seen trailing through 
the spaces between the kernels, as shown in figure 3, O, and the 
formation of conidial heads was not limited to the places just men¬ 
tioned. Different species showed some differences in growth habits. 

PENICILLIUM SPECIES 

Penicillium was found growing on the tips of corn kernels at mois¬ 
tures as low as 16.3 percent. By inoculating with some known cul¬ 
tures, the arrangement of species with respect to moisture requirement 
in ascending order was P. notatmn,^ P. viridicatum (in one of its 
forms),^ P. palitanSf^ P. oxalicurn,^ and P. expansvm.^ The fii*st three 
named were isolated from ‘‘blue eye^' corn about which more is given 
below. P. oxalicum occurs commonly on corn ears before harvest 
when kernels have been mechanically injured by corn earworms or 
birds. 

PenieilHum expansurn was included because McHargue 04) reported 
it as making more prolific growth than any of the molds observed in 
his corn-storage experiments. However, the culture of P. expanHum 
used by the writer made the least vigorous growth on corn of any of 
the penicillia used. This difference in results may very likely be 
explained by differences in physiologic behavior of different strains of 
P. expansum. There is the question also whether P. ex pansum is con¬ 
sidered in the broad sense m which some forms may be difficult to 
distinguish from some members of the P. viridicatum series, or whether 
the species is limited to that organism which, in addition to answering 
the morphological descrip'tion, causes rot of apple. 

A special study was made of the condition known to the grain trade 
as “blue eye” (fig. 4). It is caused by the growth of blue penicillia 
between the germ and the seed coat. Through the courtesy of W. B. 
Combs and H. B. English, of the Bureau of Agricultural Economics 
United States Department of Agricultyye, samples of blue eye were 
obtained from the markets at Chicago, Milwaukee, Minneapolis, 
Cedar Rapids, f^eoria, Toledo, and Nashville. Representative 
kernels but with unbroken seed coats were selected from each lot. 
They were surface-sterilized with a chlorinated lime solution, and the 
seed coat covering the germ w’^as then opened and a transfer of the 
fungus spjores made to sterile water. This was follow^ed by the pouring 
of agar dilution plates. Sometimes the colonies obtained in the plates 
from a transfer from a single kernel appeared to be all alike; some¬ 
times two different kinds of colonies developed in abundance, and 
occasionally there werq .three different kinds. All the isolations were 
penicillia. To make more sure of their purity, a needle transfer was 
made from the one or from each of the several kinds of colonies isolated 
from each kernel and a second set of dilution plates was poured. 

After spending a whole winter season isolatmg, purifying, culturing 
and classifying these penicillia, and studying the keys and descriptions 
(fP), the writer felt that he could not definitely name any of them 

< IdentlOed by Thom. 

* Received from Helen Johann, of the Bureau of Plant Industry, IT. 8. Department of Agriculture, who 
had it identlAed by Thom. 

> Received Item H. W. Anderson, University of Illinois, who isolated it from a rotting apple. 
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unless he were to make a long-time study of the wliolc Penicilliurn 
group and secure an abundance of authentic sjiecimens. As this was 
not the main purpose of the investigation, such a study was not 
attempted. Many of the isolations could be classifies! into "three large 
groups within each of which there was a great deal of similarity. A 
fourth group was composed of various types which did not classify 
into the first three. No further work was done with the last group. 
Repn^sentative samples of the first three groups sent to Dr. (Charles 
Thom in the spring of 1935 and again in 1930 were identified, while 
otliers were said to be mixtures. From the results of these identifi¬ 
cations it aj)pearexl that for the most part one group represented 
members of the P. ehrysogenum series, one group was 1\ yalitans^ a 



FifaiUK 4.— Blue eye of wni caused by a growth of Penirilltum over the germ and beneath the seed coat on 
gram w it h moistures of 18 6 to 24 0 percent These s))eciiiiens w ere received from Federal gram inspectors 
Wry little blue eye has been obstirveii above the moistures given, for at higher moistures other molds 
usually predominated over the iKiniclllia. 

member of the P, viridicatum series, and the other group wus com¬ 
posed of members of the “Faseieulata,'* ranging, according to Thom, 
‘^from P, cyclop!um through tlic tdridicaium series/' 

The lower moisture limits for tlie development of blue eye was 
determined by (1) observing its natural development from surface- 
borne spores, and (2) by inoculating surface-sterilized corn with 
Penicillium notatumy P. palitans, and with three different cultures 
belonging to the third group mentioned above. Corn not inoculated 
did not alw’ays develop blue eye even though moisture was adequate, 
but at times abundant blue eye developed. In the inoculated series 
P. notatum produced blue eye in 2 percent of the kernels at 16.7 percent 
moisture, in 10 percent of the kernels at 17.7 percent moisture, and in 
about 60 percent of the kernels at 19.0 percent moisture. palitans 
produced 10 percent of blue eye kernels at 19.5 percent moisture and 
about 50 percent at 21.2 percent moisture. The general appearance 
of the blue eye from the two inoculations was practically alike, being 
blue in color. The tliree uimamed species caused blue eye at about 
the same moistui-es as P. palitanSy and one of them produced blue eye 
identical in appearance with it. Of the other two, one produced a 
gl*ayish-blue color of the germ area, and the other produced a some- 
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what Tteddish or piirple color. When kernels of the latter kind were 
placed in an alkaline solution the color became a bright blue. P. 
oxalicum and P. expansum, although growing and fruiting over the 
surfaces of the kernels, did not cause the typical blue eye condition. 

At the lowest moistures, blue eye appeared mostly as a narrow stripe 
over the germ, as illustrated in figure 4, top row, second kernel from the 
left. This condition, called '‘hair line blue eye/^ by grain inspectors, in 
some forms is easily confused with the genetic condition known as 
purple plumule {8), When a kernel is cut crosswise through the 
plumule, however, the genetic purpling is seen to be in the tissue of 
the plumule, while the fruiting heads of penicillia causing the color 
of blue eye are located between the germ and the seed coat. With 
somewhat higher moistures blue eye becomes more general over the 
surface of the germ. At moistures above 28 to 26 percent, depending 
no doubt largely on what kind of fungi the grain is carrying, blue eye 
is likely to become obliterated by the growth of other organisms. 
Sometimes it is covered over by various aspergilli even at moistures 
below 23 percent. In natural, unsterilized stored shelled corn with 
moistures of 17 to 23 percent, sometimes the penicillia, sometimes 
the aspergilli, predominate. 

FUSARIUM MONILIFOKME 

That there are wide differences in culture characters of Fusariuni 
rnoniliforme is well known, and marked differences in pathogenicity 
to com have been reported (IS, 21), Differences were also found with 
respect to moisture requirements. Because of the variability in the 
results obtained, more tests were made with this fungus than with any 
other. Only naturally infected seed was used. Infection caused by 
F. rnoniliforme is the commonest of all internal seed infections in corn, 
and a great many kernels of each lot used in these particular tests 
carried this fungus. The term "pure culture/' as applied to F, 
fnoniliforme in table 3 means only that no other kinds of fungi were 
present ; most certainly there were a considerable number of strains of 
F. rnoniliforme in each lot of com used and the growth at the lower 
moisture limit was determined by the |)articular strain that had the 
lowest moisture requirement. The 22 different experiments were 
conducted with 18 different lots of corn over a period of 8 years. 
Corn internally infected with other organisms of course was avoided 
in these tests. 

In surface-sterilized grain growth of Fusarium rnoniliforme was 
seen at 18.4 percent moisture in one lot, while in another lot no growth 
occurred at 20.7 but growth did occur at 22.1 percent. In ^ain not 
surface-sterilized the end point for growth was more difficult to 
determine because some aspergilli and penicillia grow luxuriantly at 
moistures where growth of F, rnoniliforme is very feeble. However, 
by uring a microscope and pouring dilution plates from needle-point 
transfers from suspected places, the presence of F, rnoniliforme could 
be definitely verified. In some of these tests the fungus was found to 
^ow at moistures as low as 18.8 percent, while in others the grain w’^as 
free from growth np to or above 21.6 percent. There seems to be no 
doubt that the variability of different strains of F, rnoniliforme was 
the principal cause of some of these differences. Furthermore, the 
strains used or observed probably do not represent the whole range, 
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for, as already pointed out, measurements were concerned entirely 
with those strains in each lot of corn that had the lowest moisture 
requii'cment. 

Above 21 to 24 percent jnoisture Fusarium monilijorme grew 
vigorously, completely enveloping the grain with a powdery pink mass 
and with mycelium crisscrossing the spaces between the kernels. 
Frequently many of the germs became rotted and turned a deep 
reddish-purple color. In mixed cultures it sometimes was difficult 
to distinguish this discoloration from that produced by certain 
peiiicillia, although the usual type of blue eye produced by penicillia 
is decidedly bluish in color. 

C'Ommercial lots of corn examined over a period of years have always 
shown 10 percent or jnore infection from Fusarium monilijorme. 
Many infected kernels look normal and healthy. Tw^o methods of 
testing have been used. (1) a tray germinator in which the corn is 
tested as received, and (2) plating the surface-sterilized grain on 
j)otato-dextrose agar. The percentage of infection has always been 
much higher bv the first method than by the second, indicating that 
much of the infection was superfi(dal enough to be killed by the disin¬ 
fectant used. It is evident that most if not all lots of corn from the 
(-orn Belt contain enough F. monilijorme infection to cause serious rot 
above 2,1 percent moisture if the temperature and oxygen supplv are 
suitable. At this moisture F. monijorrne will usually compete well ana 
frequently will predominate over the aspergilli and penicillia, but if 
Diplodiazeae is present in sufficient quantity it, in turn, will predomi¬ 
nate over F. monilijorme. 

lUPLODIA ZKAK AND OTHER FUNGI 

The moisture limits for growth of Diplodia zeae^ Gibherella zeae^ and 
Xigrospora sphacrira are very close together, as shown in table 3, and 
the general appearance of the three is very much the same (fig. 5). At 
23.8 percent moisture Diplodia caused a dull dark discoloration of the 
germs mid at slightly higher moistures all the kernels became tightly 
bound together by the white Diplodia nnxelium. It grew aggressivety 
and usually predominated oA or all other organisms. 

Gibberella zeae had a pure white mycelium like Diplodia when grown 
at the lowest moisture limit, but at somewdm-t higher moistures the 
mycelium w^as pink in some areas and yellow and white in others, all 
colors occurring in the same basket of corn. At this moisture many of 
tlio kernels developed deep-red discolorations of the genus and other 
limited parts of the kernels. Wlien the corn was not surface-sterilized, 
G. zeae did not usually predominate over aspergilli, penicillia, and 
Fusarium monilijorme until the moisture reached 26 percent and over. 
Above this moisture it became aggressive. 

Nigrospora sphaeriea grew as well as the two fungi just discussed 
when stored at corresponding moistures in pure culture (fig. 5). The 
mycelium was usually white but sometimes had a grayish appearance 
caused by the presence of spores. Some strains of N. sphaeriea pro¬ 
duced spores under the conditions of these experiments, while others 
produced none. The wliite parts of affected com kernels turned a 
yellowisli color at moistures allowing abundant growth of Nigrospora. 
When forced to compete with other fungi, this fungus grew poorly in 
stored corn containing less than 30 percent moisture. In three tests 
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with naturally infected grain, not surface-sterilized, aud with moistures 
ranging up to 25 percent, Nigrospora could not be detected, whereas 
several other fungi were present in great abundance. In other similar 
tests some growth of Nigrospora coind be detected by its characteristic 
spores at a moisture of 23.6 percent. The results obtained with Nigro-- 
spora infection in nonsterile seed are in agreement with some results 
reported by Durrell (4). Apparently this fungus is not ordinarily of 
importance as a cause of storage rot in com even though it is present 
and there is sufficient moisture for its growth. 

Cephalosporium acremouium infection in corn grain, while not ordi¬ 
narily as frequent as that caused by Fusarium monilijormef is never- 



FiOrUKE 5,—Niifronpora sphaericn growing on corn in four baskets, B to E, No growth occurred in A. I'tio 
storage period was 3 months at 70® F. with constant n:<nlsture of the grain as follows: A, 20.7 percent: 
B, 22,fi; 23.4, B, 26 1; E, 29 2. At the same moisture cohtent Gibberrlla zeae and Biplodia ztne present 

a similar appearance except that kernels infected by G. zeae turn a reddish c^lor and portions of the 
mycelium may show yellowivSh to reddish hues, and tho.se infected by JJ zeae, which is a w'bite mold, turn 
a brownish color and the mold usually is den.ser than that shown. 

thelcss of ve^ common occurrence. It is rarely found when plating 
surface-sterilized rot-damaged grain but is often observed when plating 
apparently sound grain. The explanation seems to be that Cephalo-^ 
sporium is not ordinarily a rot-producing organism. This belief was 
further strengthened by the storage experiments hero reported. As is 
true with F, moniliforme, much of the C, acremonium infection is super¬ 
ficial enough so that tiiorough surface disinfection frees half or more of 
the kernels carrying this fungus. Nevertheless, by careful selection of 
corn ears, grain composites were prepared carrying 30 or more i>arcent 
of On acremonium^ and no other fungus, after surface disinfection. 

When corn grain was placed in the storage equipment without sur¬ 
face steiilization, other fungi developed in profusion at the higher 
moistures and Cephalosporium could not be detected by microscopic 
examination up to 27 percent moisture of the grain, which was the 
highest used. With surface-sterilized grain a pure growth of Cepkalo- 
V 
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sporium developed at suitable moistures. At 23.4 percent typical 
spore heads developed on sparse mycelium at the tip ends of the 
kernels and some of the kernels developed narrow longitudinal white 
streaks which were caused by the mycelium lifting the colorless seed 
coat away from the vellow endosperm. With higher moistures 
Cephalosporium growth became more abundant, but even at 27 percent 
moisture the growth was limited to the region at the tip ends of the 
kernels and there were no prominent indications of rotting after 3 
months^ storage. 

DISCUSSION 

A considerable number of tests were made with natural shelled corn, 
that is, unsterilized and uninoculated. Members of the Aspergillus 
glaucus group never failed to appear at 14.5 to 15.5 percent moisture 
in the grain and sometimes without apparent competition from other 
organisms. Some other aspergilli appeared at slightly higher percent¬ 
ages’of moisture and some penicillia regularly appeared near 17 to 18 
percent. They could be readily identified as penicillia among the 
aspergilli by the use of a microscope. A vertical illuminator which 
throws the light down on th(‘ object tlirough condensers built around 
the objectives was found es])ccially useful for distinguishing the various 
kinds of fungi. A, niper^ a very easily recognized fimgus, appeared 
in only about two-thirds of the tests at moistures suitable for its 
growth. Either tiiis fungus was not universally present or slight 
amounts ()f it might have been inhibited by the growth of other organ¬ 
isms. This fungus, unlike some othei‘s, is so conspicuous that it would 
hardl} be overlooked if present. A. flams appeared in less than one- 
third of the tests. 

In interpreting the data it must be borne in mind that in each test 
only a limited number of moisture constants were \ised with intervals 
of to 2 percent of grain moisture ranging between them. Thus the 
exact moisture limit for fungus growth could not always be observed 
in any one c-xperiment. Furtliermore, experimental results did not 
always check closely. For instance, Aspergillus wentii was observed 
growing naturally on corn in two different tests made in two different 
.seasons. In one case it was found at J5.1 percent but not at 14.3; in 
the other it was found at lfi.2 but not at 15.2. Therefore, the data in 
table 3 show it as not present at 15.2 in one test, but as present at 15.1 
in another. This fimgus was not observed in 19 otlier tests with 
unsterilized seed, but this does not necessarily mean that it was absent, 
for it is not particularly conspicuous and can easily be overlooked when 
other fungi are abundant. 

The variations in the results obtained in different tests can probably 
be accounted for by the fact that the corn used at different times came 
from different lots grown under different conditions. Moreover, differ¬ 
ent strains of the fungus species were present at different times. The 
results obtained with Fusarium monUifortne were especially variable, 
and this was charged primarily to the fungus itself as explained eai*lier 
under the discussion of that fungus. 

Except in seed lots that had been carefully selected for freedom from 
Fusarium momlj^orme, this fui^us predominated above a moisture con¬ 
tent of 23 percent provided Diplodta zeae was not present and provided 
the desired moisture was added at one time or the corn had not pre¬ 
viously been dried.* If dry com w^as hung over solutions and the mois- 

57097—38-5 
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ture was taken up from the atmosphere the rise in moisture was slow 
(fig. 2) and aspergilli made heavy growth before F, moniliforme could 
get started. A fungus already in possession of the field may block the 
growth of another fungus which might have predominated if it had 
had an equal opportiinity. 

At a moisture suitable for vigorous growth of several fungi, the 
relative amount of inoculum of each kind present often determines 
which one will predominate. When different lots of unsterilized 
com were dusted with several pure cultures of aspergilli and penicillia, 
respectively, the result in a number of cases was a growth of an almost 
pure culture of the fungus used for inoculation, almost as pure as 
though pure culture methods had been used. 

When a Penicillium or Aspergillus species was found growing on 
grain at its lowest moisture limit it not only made weak growth but 
it also grew only on a minority of the kernels. At a slightly higher 
moisture the growth was not only more vigorous but it also occurred 
on a higher percentage of kernels. This appeared to be a combined 
effect of chance inoculation and actual difference in moisture content 
of individual kernels. It is also probable that some kernels possess 
resistance of a chemical nature to some extent (IJ). When kernels 
were tlioroughly dusted with spores of one of these fungi before the 
experiment started, the fungus occurred on a much higher percentage 
of kernels even though it made weak growth for lack of water; still 
some kernels remained free from fungus growth. It has already 
been shown (table 2) that different kinds of corn may take up moisture 
at different rates or may come to equilibrium with their surrounding 
atmosphere with different percentages of moisture in the gi*ain. This 
being true, individual kernels, especially of an open-pollinated variety, 
will no doubt behave differently in this respect also. 

Actual damage to grain from rot was never observed at the lowest 
moisture limit for fungus growth. Damaged kernels of the kind classi¬ 
fied as ‘‘commercial damage/^ by grain inspectors usually occurred to 
some extent with the various fungi tested at a moisture of about 1 % 
to 2 percent higher than the minimum moisture for growth. If the 
storage period had been longer, the critical moisture for development 
of damaged kernels might have been slightly lower. With tempera¬ 
tures higher than 70® F. the minimum moisture requirement and the 
margin for commercial damage both appear to be lowered slightly. 
When temperatures become sufficiently high heat damage takes 
place in addition to rot damage. 

The oxygen requirements of the com-rot fungi studied were very 
nioderate. When 100 g of corn was suspended over a salt solution 
in a sealed bottle containing nearly 2 liters of air, growth with the 
various molds usually proceeded nearly as well as in an aerated 
bottle. A sour alcoholic odor developed in sealed bottles in which the 
naoisture of the com was over 16 percent. This odor was not observed 
in bottles aerated with only a tine caliber glass tube as mentioned 
in the discussion of methods. Rapid aeration with sterile air was 
used to carry off the chlorine when the com had been surface-steriliz^ 
with chlorinated linje. If the sealed bottles had been filled full with 
grain, lack of aeration might have greatly retarded mold growth as 
Swanson found with wheat (18). In deep storage bins aeration also 
is exceedingly limited. Duvel (S) made observations in a 66-foot 
elevator filled with shelled com at 17.0 to 18.8 percent moisture. 
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Storage was carried out during the late winter and spring months, 
the temperature being 36® to 39® F* when the experiment was started. 
In 5 weeks* time the mustiness had extended down to 7 feet below 
the surface but no lower. In 7 weeks no mustiness was observed at 
a 12-foot depth althougli there was an abundance of molds at the 
surface. When the bin was emptied after 9 weeks* storage the lower 
half still appeared to be free from significant mold growth. 

SUMMARY 

wShelled yellow dent corn was stored in atmospheres maintained at 
constant humidities of various degrees by placing it in wire baskets 
over salt solutions in closed containers. Storage was for a period 
of 3 months at a temperature of 70® F. Three methods of aeration 
were tried. The one supplying the least oxygen appeared adequate 
for growth of the fungi studied, but more liberal aeration was sup¬ 
plied for most of the tests. 

(Irowth limits of a number of fungi as determined by moisture in 

? ;rain was studied in two ways, in competition with surface-borne 
ungi, and in pure culture after surface-sterilizing the grain. The fun¬ 
gus to be studied was supplied by either selecting corn carrying 
the fungus as an internal infection or by inoculating the grain. 

Different strains of corn showed <Ustiiict differences in the percentage 
of moisture in the grain when in equilibrium with a saturated atmos¬ 
phere. There was good evidence also for believing that individual 
kernels showed variations in moisture content in experiments with 
o]>en-pollinated corn. Thus one would not be able to predict ac¬ 
curately the moisture content of grain stored in an atmosphere with 
a known constant humidity. 

Aspergillus glaucus grew at 14.3 [lercent moisture of grain, which 
was lower than could be utilized by any other fungus, but several 
other aspergilli appeared at only slightly higher moistures. xV. flavus 
and A. nigerj however, were not found below a moisture content of 
18,3 percent. 

Five species of penicillia were found to vary in their minimum 
moisture requirement from 15.6 to 20.8 percent. The blue color of 
the genn known to grain inspector as ^^blue eye*’ was found to be 
caused by the growth of certain kinds of penicillia beWeen the germ 
and the seed coat. notatvm caused blue eye at a minimuni mois¬ 
ture of 16.7 percent, while P. palitans required 19.5 percent, in these 
experiments. In each case somewhat more moisture was required 
for the extensive development of the blue-eve condition. 

The minimum moisture requirement for Fusarium moniliforrne 
ranged from 18.4 to 21.2 percent in tests in which competition from 
other organisms was excluded. A similar range was observed where 
competition was allowed. This was a wider variation than was 
observed with any other fungus species and demonstrated a signifi¬ 
cant variation in the moisture requirement of different strains of F. 
moniliforme. 

Various aspergilli and penicillia grew well in mixed combinations 
in natural unmoculated seed. When the spores of a single species of 
these same fungi were dusted on the grain before a storage period 
was started, that particular fungus predominated more or less to the 
exclusion of all others provided moisture conditions were suitable. 
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Above 23 percent moisture Fusarium moniliforme competed well and 
often predominated over all other fungi except when Diplodia zeae 
was present. While in many cases one fungus tended to dominate 
another under growing conditions suitable for both, the relative 
abundance of inoculum of each one present was often an important 
factor in determining dominance. 

Diplodia zeae, Gioberella zeae, and Ni^rospora sphaerica all grew 
well on corn above 21.5 to 23 percent moisture content in the absence 
of competition from other organisms. When forced to compete, 
D. zeae was the most aggressive and <?. zeae next. N, sphaerica was 
very weak. 

For the production of commercial damage to the grain from rot 
by fungus growth an increase of IK to 2 percent in moisture over the 
minimum moisture requirement for growth was usually needed 
under the conditions of these experiments. 

While Cephalosporium acremonium grew well on naturally infected 
corn under pure culture conditions, at moistures of 23.4 to 27 percent, 
it was not observed to cause commercial damage. 
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SOME CORRELATIONS IN PLANT-TISSUE COMPOSITION, 
DECOMPOSITION PRODUCTS, AND EFFECT UPON CROP 
ROTATION WITH TOBACCO' 

liy Walter S. Eisenmenc.er 

Heady Department of Agronompy Massachusetts Agricultural Experiment Station 


INTRODUCTION 


The concept of crop rotation has been developed largely through 
long experience with increased or decreased yields. In some degree 
the ideas on crop rotation have become a matter of tradition with 
little or no thought given to tlie reasons why one rotation is a success 
and another a failure. The underlying causes have long been suspected 
to be the action of residues of one crop upon the succeexling crop. 
The chemical and physical character of the soil is also undoubtedly 
affected by the selective nature of different plant membranes as recep¬ 
tors of ions and tlie element of time in the decomposition of residues. 

Tobacco plants are especially sensitive to certain rotations. In 
farm practice, tobacco reacts most favorably when preceded by 
tobacco. Tobacco planted in rotation with ragweed and horseweed 
does not suffer any appreciable harm, but rotation with timothy or 
com “in fact, with any of the grasses except red top—has been found 
during certain seasons to be extremely unprofitable. Tobacco fol¬ 
lowing com, timothy, or clover is likely to suffer .severely from brown 
root rot. In rotation with redtop, however, it seems to be less 
severely affected, but the troulde is not as perfectly eliminated as 
when either of the two wee<ls, ragweed or horsewee<l, is used, or when 
tobacco follows tobacco. 

Examination of 45 different plants to learn the relative rate of 
<lecomi)osition of their tissues and the subsequent rate of anunoni- 
fication and nitrification indicated that of all the .seed plants used 
i-edtop decomposed most slowl}’^. Then for this work followed tim¬ 
othy, com, horseweed, and ragweed. Tobacco decomposed more 
raj)idly than any of the other seed plants. 

RelaUnl to this rate of decomposition is, of course, the carbon con¬ 
tent of the soil and its reducing capacity. In two adjacent plots of 
the same soil types, the carbon content was higher in the one where 
corn preceded tobacco than in the other where tobacco grew for 2 
consecutive years. The soiKs greatest reducing capacity was well 
indicated by more nearly complete reduction of potassium bromate. 

A field plot on which com had been grown for 4 successive years 
was sterilized by passing an electric current through the soil to a depth 
of i) inches. T^obacco planted in this soil developed without a trace 
of brown root rot. Plots on which com had grown for 4 years were 
planted to Chenopodium album and Arnaranthus retrojlems for 1 year. 
Tobacco grown on these plots the next year was much less affected 
by root rot than tobacco on a plot where com had been gi'own for 5 
years. Chemicals containing phenol as orthocresol, paracresol, and 

* for publication June 25,1937; i«sucd. April 1938. 


Journal of Agricultural Reaearch, 
Washington, D C. 


Vol. 56, No. 4 
Feb. 16, 1938 
Key No. Maas.-48 


( 309 ) 



310 


Journal of Agricultural Research voi. 66, No. 4 


metaoresol also improved the soil for tobacco both in pots and in tlie 
field. Another method that helped to prevent the rot was artificial 
drying of the soil previous to planting. 

It seems that an organism, or a class of organisms, is sjjecific for 
types of organic decomposition and that the products of their decom¬ 
position are different. Whether it is the activity of facultative 
parasites, obligate parasites, or saphrophytes, or their products which 
are harmful has not been discovered. 

In the present work it was the author’s desire to correlate the results 
obtained in the field with certain chemical structures and decomposi¬ 
tion products arising from microbiological processes, 

REVIEW OF LITERATURE 

Differences in croj) yield incident to different syste.ins of rotation 
have been ascribed in part (1) to the toxic products arising from 
deco.Tnposition of specific types of plant tissues, and (2) to the ability 
of certain plants to remove from the soil some elements in too great 
abundance and thus leave to other plants little on which to subsist. 
Tlie toxic compounds have been foimd to be relatively labile and readily 
changed by oxidation. Many of them contain an aldehyde group, 
either aliphatic or aromatic, or an unsaturated linking in their struc¬ 
ture, Oxidation involves the conception of change of valence loss 
of electrons. Schreiner and Shorey,^ Breazcale,*^ and Collisoir* arc 
of the opinion that these abnoinial compounds influence the subse¬ 
quent crop. 

Experiments by Doran ® and Eisenmenger indicate that the in¬ 
fusions of certain phints (*auso retardation of growth of tobacco when 
applied to soil, and tliat the nitrogen fractions of dilferent plant in¬ 
fusions are different. Nitrogen of tobacco attains an end point of 
ammonia or nitrate more rapidly than does the nitrogen of corn stover. 

METHODS 

The plants used for this experiment v ere corn (Zea mags L.); timothy 
(Phleum prafeiise L.); redtop {Agrosiis alhi% L.); tobacco {Nicoiiana 
tahacum L.); horseweed (FJrigeron canadensis L.); and ragweed 
(Ambrosia artcmisiifolia L.). 

Each plant was dried, ground, and placed with soil in crocks of 
l-gallon capacity. The total nitrogen for each plant species was 
determined, as was also the nitrogen of the soil. To each crook was 
added a different type of the ground plant tissue in such amount as 
to provide 11.09 g of nitrogen. This means, of course, that the 
amount of total organic matter was not the same in each crock. The 
crocks were kept in the greenliouse at approximately the same moisture 
content for 7 weeks. They were started at different times in order to 
permit the analyses to be done in sequence. 

* ScfiB&msR. o„ and Sborky, E. c, the woiation of harmful oroakic substances in soas. U. 8, 
Bur. Soils Boll. 63, 63 pp.. lllus. 1900. See pp. 15-16. 

« Brbazjbalb, J. F. the iNji^rious after-effects or sorghum. Jour. Xiner. 8oc. Agron. 10. 680-700, 
Ulus. 1924. 

* COLIISON, R. I>, TKF FRESENCE OF CERTAIN ORGANIC COMPOUNDS IN PLANT.** AND THEIR RELATION TO 
THE GROWTH OF OTHER PLANTS, Joiir Anier Soc. Agron. 17: .68-68, 1926. 

* Doran, W. L. the growth of tobacco and brown root of tobacco a« affected by timothy 
INFUSIONS of different AGES. Jour, Agt. Research 36: 281-287. 1928. 

* Eisenmenger, W. S. the forms of nitrogen in iNrimioNb of corn, timothy, red clover, tobacco, 
AND RED toi. Jour. Agf. Research 49: 376-378. 1934. 
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Plants at tho usual stage of harvest maturity were chosen for the 
work. Tho ragweed and homcweed had ceased flowering and the 
lower leaves were dry. 

At the end of 7 weeks each crock was removed, the material shaken 
with distilled water and filtered, first through coarse cloth and then 
through a Chamberland-Pasteur filter. A portion of the soil was dried 
at 110° C. and the moisture determined. The total nitrogen content 
of the soil was determined in this phase of the work by tho regular 
Kjeldahl method. 

In detemiining the total nitrogen of the extract, an aliquot portion, 
50 cc, was made acid with sulphuric a(‘id containing salicylic acid and 
taken down to dryness on a water bath. The modified method of 
Ranker was then followed. 

For ammonia nitrogen, 100 cc of the soil extract was made alkaline 
with calcium oxide and the ammonia distilled into a standard acid 
(0.02 N) by steam distillation. 

Protein nitrogen was detennined by precipitation with ferric oxide 
hydrosol while hot, and filtered. The nitrogen in the residue w^as 
detennined by the regular Kjeldahl method of digestion and distillation. 

Amides w ere determined as follows: From 200 cc of protein filtrate, 
the ammonia nitrogen was <lriven off by the use of steam distillation 
and calcium oxide. .After tho remaining solution had cooled, sufficient 
sulphuric acid was added to make it equal to a 5-percent solution. The 
filtrate was hydrolyzed for 2 hours by boiling, a reflux condenser l)eing 
used. At tho end of the hydrolysis period, the solution of ammonia 
w as driven over by steam distillation into standard acid (0.02 N). 

Humin nitrogen w^as detennined by taking the residual material in 
the flask froin which the hydrolyzed amide, or ammonia, had been 
distilled, filtering it while hot, and treating the residue by the Kjeldahl 
method used in the protein determinations. 

.After ammonia nitrogen had been removed from a portion of the soil 
filtrat(*, the alpha amino acid nitrogen w^as determine<l by using the 
Van Slyke apiparatus. 

The nitrate nitrogen content w'as found by determining the total 
nitrogen after reducing the nitrates in tho acid solution with metallic 
iron and comparing this with a similar i>ortion wiiich had not been 
reduced. Tlie difference represents the nitrogen derived from 
nitrates. 

In a separate experiment, the carbon of each of these plant tissues 
W as detennined by an electrical combustion method. 

All analyses represent triplicate trials, imd most of them are the 
average of six trials. 


RESULTS AND DISCUSSION 

After the materials had been subjected to decomposing agencies, 
the grasses appeared to be least decomposed, in some instances not 
even losing their original configuration. This was especially true of 
redtop, which seemed to be very slow in becoming an integral part of 
the soil and with it assuming a homogenous mass. Tobacco, on the 
other hand, to all appearances decomposed most rapidly. None of 
the fibers maintained their, original identity. This was true of horse- 
weed and ragweed also, but to a slightly less degree. 

The carbon content of the various soils at the expiration of the period 
allowed (7 weeks) was different, the d^ree of difference depending 
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upon the relative slowness of decomposition. It is obvious, however, 
that though all soils contained the same amount of nitrogen at the 
beginning, not all contained the same amount of carbon. It is not 
axiomatic that plants with a higher nitrogen content decompose more 
rapidly. The amount of lignin and pentosans or products ensuing 
with maturity exert an influence toward preservation of the included 
tissue. At the end of 7 weeks, the soils to which the different vege¬ 
table tissues had been added contained the following percentages of 
carbon: Timothy, 2.97; redtop, 5.33; corn stover, 5.21; ragweed, 2.55; 
tobacco, 2.56; and horseweed, 2.48. 

The grasses seem to decompose more slowly than the dicot 3 dedonous 
plants used. Incidentally, it may be stated that the tissue of non- 
vascular land plants of the lower order decompose more slowly than 
do dicotyledonous plants, and that the higher order of plants, the 
monocotyledons (expecially the Oramineae), with few exceptions de¬ 
compose more slowly than do the dicotyledonous plants. This af plies 
to herbaceous tissue. It seems probable that grasses which can toler¬ 
ate the greater soil acidity are less easily decomposed than those which 
require a more basic medium. Also, those seed plants which can com¬ 
pete in a mediiun of rather high acidity contain relativel^’^ less calcium 
and more silicon. 

The relative amounts of different fonns of nitrogen in a specific type 
of plant tissue may indicate the degree to which the materials have 
been built up; in other words, to what stage anabolism has progressed. 
When the tissues are in the process of breaking down, the end prod¬ 
ucts, ammonia (under anaerobic conditions) or nitrates (under aerobic*, 
conditions), in greater abundance would indicate a greater rate of 
retrogression. The large percentage of proteins would indicate slow 
nitrification by agencies involved in the process. Larger amounts of 
amino acids and amides would indicate not a slow decomposition rate, 
but slow progress in reverting to end products—ammonia and 
nitrates. 

The stages of decomposition in part are indicated in the data shown 
in table 1. 

Table 1. —Percentages of nitrogen in various forms found in soil extracts derived 
from mixing different types of plant tissue with soil and allowing them to decom¬ 
pose 

[Kesults ooinputed on dry-weight hasisl 


Plant 

Total of 
soil and 
plant 
residues 

Total of 
soil ex¬ 
tract 

Protein 

Amide 

Alpha- 

amino 

acid 

Ammonia 

Nitrate 

Humin 

Timothy. 

Redtop... 

Corn stover. 

Ragweed—. 

Horseweed. 

Tobacco. 

Percent 

0.2523 

.2790 

.2545 

.2384 

.2008 

.2008 

Percent 

0.0222 
.0534 
.0445 
.0214 
.0117 
.0221 

Percent. 

0.0167 

.0023 

.0238 

.0051 

.0042 

.0028 

Percent 

0 

.0010 

.0000 

.0010 

.0007 

.0010 

Percent 

0.0032 

.0024 

.0046 

.0062 

.0042 

,0073 

1 

Percent 

0.0026 

.0078 

.0093 

.0012 

.0006 

.0005 

>o 

fit 

Percent 

0 

.0000 

.0028 

.0000 

.0010 

.0009 


The protein values of timothy and com are relatively high, whereas 
that of redtop is low. This is not in accord with the appearance of 
the materials when removed. But it has been observed that in ro¬ 
tation with tobacco redtop does not exert the same deleterious effect 
as timothy lapd com. 







Feb, 15,1938 Correlation in Plant Relations and Tobacco Rotations 313 


The total soluble nitrogen of the extracts is higher for the grasses, 
though the values for timothy and tobacco are not materially different. 
This would imi)iy that less denitrification took place in the grass-soil 
media than in the other media. Also, it is possible that the more 
soluble forms of nitrogen were less evenly distributed in the crock 
than before the more soluble forms appeared. 

The amides, though exceedingly low in all media, had a tendency 
to appear among the plants that are less harmful in a tobacco rotation, 
that IS, tobacco, ragweed, horseweed, and redtop. 

The amino acid results showed no correlation between the plants 
that generally are regarded as good and those generally regarded as 
bad in a tobacco rotation. 

Nitrate nitrogen formation in the variously treated soils indicated 
clearly that iiitrates are not so readily formed in soils containing 
residues of timothy and corn as in soils containing tissues of plants 
regarded as facorable in tobacco rotation. 

In respect to nitrogen decomposition products, corn and timothy 
tissues decomposed in soil have some properties in common, and in 
other respects redtop behaves like them. All three are highest in 
total soluble jiitrogen, timothy and corn are highest in protein nitrogen; 
timothy, corn, and redt/op are relatively higher in amides and ammonia: 
and ragweed, horseweed, and tobacco are liigh in nitrates from soil 
extract. Nitrates in excess of others would suggest less reductase 
activity. 

It would seem that (‘orn and timothy are in one class, ragweed, 
horseweed, and tobacco in another; and that redtop has some charac¬ 
teristics of both classes. 

Some other properties of plant tissues wrere determined in another 
experiment in order to extend the correlations. Table 2 indicates 
some of these relationships. 

Table 2. -Percentages of orgamc constituents of plants as indicating the relative 
degree of ammomficaiion and nitrification of organic nitrogen during dS days and 
growth-promoting capacity of plant-tissue decomposition products when U ,41 g of 
nitrogen from different plants was added to soil 


(The crocks containing the soil were of H pounds capacity] 









Average 

weekly 


riant 

Total 

nitrogen 

Total 

carbon 

C/N ratio 

renfosans 

lAgnin 

total 

ammonia 

and 

nitrate 

nitrogen 

Dry 
weight 
of barley * 







j in soil 



Percent 

Percent 


1 Percent 

_ 

Ptreent 

P p. in 

CrVeinv 

Timothy 

(1 80 

.W. 0 

5H 

1 18 7 

13 9 

4 

' 2 1 

Redtop. 
t?orn stover .. 

1 02 

45 9 

45 

27 2 

9.8 , 

2 

1 4 

86 

47.6 

56 1 

21.3 

5 2 

13 

1.2 

Ragweed_... 

Tobacco.. 

2.15 

45.1 

21 

11.8 

2. 1 ! 

63 

5.31 

?.88 

.38.2 

13 j 

12.7 1 

1 

4.4, 

J30 

1 

12.4 


1 Barley grown on soil to which 0,41 g of nitrogen from different plants was added. 


Data for horseweed are not included, because no tissue of this plant 
was available. 

Those plants that contain the lowest percentages of nitrogen, the 
highest percentages of carbon, have the highest carbon-nitrogen ratio, 
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a high percentage of pentosans, and the highest percentage of lignin, 
are the plants which, when placed in soil for a period of time, have 
the highest percentage of total soluble nitrogen, the lowest percentage 
of amides, and the highest percentage of ammonia nitrogen. Those 
plants that have the above-mentioned properties, also are character¬ 
ized by low ammonification and nitrification values in soils, and low 
growth-promoting properties of barley (when all receive the same 
amount of nitrogen derived from different plants). Redtop resembles 
timothy and corn in all respects except in residual protein m the soils. 
Furthermore, the animonia nitrates formed in the soil from redtoj) 
residues have a nitrification capacity similar to that of the plant 
residues not of the grass family—tobacco and ragweed. 

In field practice it has been found satisfactory to follow ragweexl 
by tobacco. On tlie college farm, redtop lias proved more satisfactory 
than either corn or timothy for preceding tobacco, but never so satis¬ 
factory as tobacco preceding tobacco. 

It is reasonable to suppose that, when roots and stubble of these 
various plants are permitted to decompose, the decomposition is 
slower, for the roots are invariably lower in nitrogen. It seems 
reasonable to suppose that high lignin and liigh pentosans would 
invite a general class of decomposing agencies different from tissues of 
simpler composition. 

Little is known about the end products of decomposition of lignin, 
but the general type of methoxy compounds may arise, while starches 
and cellulose may, depending upon the reagents, be converted into 
monosaccharides, acids, and other products. 

The fact that browm root rot of tobacco has been entirely eliminated 
from soils by sterilization with electric current, orthocresol, heating, 
or acetic acid and by drying, suggests that life processes are a factor 
in the malady, for none of these procedures w ould destroy the abnormal 
compounds associated with soil and specific plant tissue. 

In field practice, we have other plants w liich do not lend themselves 
successfully to a place in tobacco rotations. Such plants as red 
clover and alfalfa, though not so pronounced in their harmful effects 
upon tobacco, have been found undesirable. These legumes when 
mixed with soil and allowed to decompose for several weeks convert 
the organic nitrogen to ammonia and nitrate nitrogen rather rapidly; 
alfalfa more readily than ragweed and Jess rapidly than tobacco. 
The organic nitrogen of red clover was converted into ammonia and 
nitrate nitrogen in soil at a rate only slightly less than that of 
ragweed. However, red clover and alfalfa contain a relatively high 
percentage of pentosans and lignin. A sample of red clover contained 
15 percent of pentosans and 13 percent oi lignic acid; a sample of 
alfalfa contained 17 percent of pentosans and 11 percent of lignic acid. 
These compared with 14.8 and 2.1, respectively, for ragvreed and 
12.7 and 4.4, respectively for tobacco, indicate at least a higher value 
of lignin in the two legumes. 

The explanation is possibly found in the fact that the evolution of 
organic nitrogen to ammonm and nitrate nitrogen occurs in the initial 
state of decomposition, while one of the final steps in decomposition 
involves the conversion of lignin to oiganic derivatives found in soil, 
frequently referred to as ‘‘humus.'" 

It is a well-known fact that organic materials contaimng high per- 
cjeniages of ligi4n may, when applied to soils low in nitrogen, seriously 
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dimiiush the growth of plants. Also, when the same organic matter 
is applied to soils too high in nitrogen, and conducive to abnormal 
growth and subsequent ^‘lodging,it may exert a favorable influence. 
This influence is temporary, for when lignin is once decomposed, the 
result is more favorable tlian if none had been added to decomi>ose. 
It has been suggested by observers that an old timothy sod is not as 
deleterious to a subse(|uent tobacco crop as one that has grown for 
only a few years. The inference is that the residues of previous years 
have to some degree overcome the results of newer decomposition 
activities. 

Plant tissues in the early stages of develoinneiit contain an appreci¬ 
able amount of lignin, but when the plants are plowed under for 
green manures, the deleterious effects are not apparent. At this stage 
of growth, plants contain an abundant quantity of bound water and 
the rapidity of decomposition is augmented. 

Jt would seem that what is apparently an unfavorable rotation for 
tobacco may be unfavorable for other crops, but to a less degree, for 
the tobacco plant is more sensitive than most plants to its environment. 

Tissues of plants containing high percentages of lignin maintain 
their original structure, when killed, for a longer period than do those 
having a low content of lignin. Thus the stems and leaves of grasses 
and sedges have much the same configuration after winter has passed 
as wheii they were green, while tobacco, potato, and ragweed have 
little left to suggest their original appearance. In a general way we 
should be able to determine after a winter has passed those plants 
that would fit into a rotation system with tobacco. 

SUMMARY 

An attempt was made to lind correlation in results relative to 
tobacco rotations obtained in the greenhouse, the laboratory, ami the 
field. 

From the laboratory test, an estimation was made of nitrogen 
fractions resulting from decomposition of diflerent types of plant 
tissue in soil corn, timothy", redtop, ragw eed, horsew eed, and tobacco. 
Also, the amounts of lignin, pentosans, carbon, and nitrogen and their 
ratio, rates of ainmonification and nitration, and growth-promoting 
values were calculated when equal amounts of nitrogen from each of 
the different plants wwe added to soil. 

Timothy and corn, which have been found unsatisfactory in tobacco 
rotation, show ed a high ])ercentage of total nigrogen, a high percentage 
of total soluble nitrogen, the highest percentage of protein, a low^ 
percentage of amides, a high percentage of ammonia, and the lowest 
percentage of nitrate nitrogen. Ragw-eed, horsew^eed, and tobacco 
showed lower percentages of each of these fractions except nitrates. 
The nitrates in this group w^ere higher. 

Redtop resembled the other grasses in the decomposition of organic 
nitrogen except protein and nitrates. It was relatively high in nitrates 
and low in protein. 

The plants could be divided into two distinct groups. The first 
group, which comprised the grasses corn, timothy, and redtop, con¬ 
tained higher percentages of carbon, low’ percentages of nitrogen, a 
high carbon-nitrogen ratio, high pentosans, high lignic acid, low am- 
monification and nitrification, and low growth-promoting values. 
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The other group—^ragweed and tobacco—showed lower carbon values, 
higher mtrogen values, a lower carbon-nitrogen ratio, lower pentosans, 
lower lignic acid, higher ammonification and nitrification, and higher 
growth-promoting values. In field practice, timothy and corn were 
found to bo unsatisfacto^ for tobacco rotation. Ragweed, horse- 
weed, and tobacco are desirable for rotation. Redtop is less desirable 
than tobacco and ragweed, but more desirable than timothy or coni. 

It would seem that plants containing the higher values of lignin, 
pentosans, high carbon-nitrogen ratios, and a subsequent low tend- 
encjr to protein decomposition in soil may be suspected of being un¬ 
desirable for tobacco rotation. 

o 
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TWO FUNGI CAUSING LEAF SPOT OF PEANUT ^ 

13y WiLBCRT A. Jenkins 2 

Aamciate botanist, Georgia AgrtcuUnral Experinient Station 
INTRODUCTION 

The commonly cultivated varieties of peanut {Arachis hypogaea L.), 
especially the Spanish varieties, are seriously defoliated during the 
summer and early fall by two Cercospora leaf spots. Both leaf spots 
occur regularly on peanuts throughout the peanut-growing areas of 
the United States and apparently are destructive wherever peanuts 
are grown (7),"' often making the croj) unfit for hay and undoubtedly 
bringing about marked decreases in yield of pods. 

Although several different species of fungi have been described 
from various parts of the vrorld as causing leaf spots of peanuts, 
Woodroof (7) has shown by an extensive review of the literature and 
a study of many cxsiccati that Cerco^ipora arachidicola Hori and C. 
personata (B. and C.) Ell. and Ev. are the only valid species that 
liave been described. She has likewise shown that both fungi cause 
destructive leaf spotting of peanuts in Georgia, whereas these diseases 
in the United States were formerly attributed to C. pernonata alone. 

The f)resent work is a report of the results of an investigation of the 
life history and cytology of the two peanut leaf spot fungi which the 
writer has had under way since 1934. 

MYCOSPHAERELLA ARACHIDICOLA N. SP. 

THE DISEASE 

While all parts of the plant are subject to attack, symptoms on the 
leaflets are more striking and, perhaps, more destructive. When the 
leaf spots are first noticeable, they appear as slightly paler areas on 
the upper surface of the leaflets, as though the chlorophyll was fading, 
or blanching, slightly. Careful observation of the lower surface at 
this time indicates the presence of small areas in which the epidermal 
cells have collapsed and lost connection with the underlying meso- 
phyll. Following this, the lesion develops fairly rapidly, taking on a 
distinct yeUowisb hue on the upper suiface of the leaflet. Often a 
very small necrotic area becomes evident in the center of the develop¬ 
ing lesion, before or during the time the yellow discoloration is de¬ 
veloping. At maturity, the leaf spots appear as distinct necrotic 
areas, circular to irregular in outline, and often coalesce. They range 
in diameter from 1 mm 'to 1 cm or more, and are almost always sur¬ 
rounded by a yellow halo of varying width which blends gradually 

^ Kt»oeiv^<i for publication September 20, 1037; iseued April 1038. Caioer No. .50, Journal Serie.s, Georgia 
^gricuUural ExiH'rimeut StAtion. ^ 

» Tlu* author wislies to acknowledge the intcre.5t ami the many helpful suggeslioos of Dr. B. B. Higgins 
<iuring the course of this investigation. He also wishes to o.xpresK his thanks to M. M. Murphy and to 
l>r. J. E. Welmer for making the photographs contained in this papt'r. 
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into the green of the leaf on the outer edges (fig. 1, C, D), On the 
upper surface, the necrotic areas vary from reddish brown to black, 
while on the lower surface they generally appear in lighter shades of 



Figure 1.— Xand /?, Peanut leallet inoculated in the Rreenhouse with conidia from ai<co8pon‘ cultures at 
Mpca»phaerelta arachidicola. Photngraiih taken 3 wci‘kH after inoculnllon. Only the terminal leaflets 
were inoculated ('and 1), T>i)icnl lesions of M. arachidicofa on peanut leaflets from field collections. 


brown to tan. The halos are much less distinct or even indistinguish¬ 
able on the lower surface. Observations tend to show that the halo 
surroundii^ each lesion is perhaps in some vray related to the carbo- 
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hydrate content of the leaf cells, since they appear best developed on 
leaves supposedly high in carbohydrates. 

Evidence secured from many conidial inoculations indicates that 
infection is accomplished through either leaf surface, though the 
inoculum adheres best on the lower surface, and that penetration 
occurs directly through the lateral faces of the epidermal cells or by 
way of open stomata (fig. 4, A). Sections of young lesions show' the 
mycelium of the parasite to be first intercellular, but the host cells 
arc killed rapidly somewhat in advance of the mycelium, and the 
mycelium then penetrates the w'alls of the dead cells. No evidence 
of haustoria could be found. Conidiophores are at first developed 
only on the ui>per surface of the lesions, but often become amphigen- 
ous with age. They develop from subepidermal or subcuticular 
hyphae, which usually continue growth and produce more or less 
definite stromatic bases. The conidiophores quickly become yellow¬ 
ish browrn and as conidia are formed and abjointed apically, the coni¬ 
diophores continue to grow' past them, and thus become geniculate. 
The conidia are usually attached at the broad end and leave definite 
scars on the conidiophores as they are abjointed and fall away. 

The conidia are colorless to j)ale olivaceous in ('olor, obclavate, often 
considerably curved, and measure from 37^-1 08 m X 2.7m"5.4m. The 
length, and j)articularly the number of septations, arc influenced by 
weather conditions at the time of conidial production. Tlie number 
of septations varies from 3 to 12; shorter spores and fewer septations 
being associated with dry weather. 

(’onidia have been observed to germinate within 3 to 8 hours wiien 
moisture, oxygen, and temperature conditions were ideal. (Jerm tubes 
emerge from the terminal cell at either or both ends of the spore, and 
often from other cells as well. When completely covered by water, 
so tliat the oxygen supjdy is diminished, the spores rarely germinate 
at all, but often the cells become distorted through swelling. 7'his 
condition is likewise evident when iusuflicient moisture is present. 
Abundant germination was always secured when the spores were 
placed on the surface of 2-j)ercent agar at room temperature. 

SPEHMOGONIA 

Spermogonia have been reported for this fungus on several occa¬ 
sions, both from field collections (6\ 7) and from studies on herbarium 
material. No record appears in the literature, however, of any studies 
on their development and structure. Spermogonia begin to appear 
on fallen leaflets at Experiment, Ga., during the latter part of 5^p- 
tember or early in October and continue to develop throughout the 
fall and winter. Occasionally young spermogonia are found as late 
in the spring as March, b\it tliis is rare. The}’' are developed on either 
leaf surface, but are more often epiphyllous." They originate either 
within old conidial stromata or witnin separate stromata that develop 
after the death of the leaflets. 

It is difficult to identify the earlier phases of spormogonial develop¬ 
ment, but in those cases that are certain the fundaments arise either 
subcuticularly or subepidermally, by the continued branching and 
interlacing of hyphae, which soon form compact globose to somewhat 
oval-shaped masses of stroma that continue to become larger and 
more complex until the cuticle or epidermis is ruptured (pi. 1, .^^1). 



320 


Journal of Agricultural Research voi. sa, No. 5 


As development progresses, cells toward the center of the young 
spermogonium enlarge, the nucleus of each cell divides twice, and 
ultimately four uninucleate spermatia are formed in each cell after 
the fashion first described by Higgins (Sy pt. I) and later by Jenkins 
(5) (pi. 3, B), The spermatia usually lie in tetrads but often appear in 
linear arrangement, and are liberated one at a time through a sterigma 
on each spermatial mother cell. After they have discharged their 
spermatia, the mother cells disintegrate and in so doing create enough 
bulk and pressure to force the sj^ermatia out of the spermogonium. 
At maturity, the cavity is filled with spermatia and disrupted mother 
cells, surrounded by a single layer of sperrnatiferous cells, which is in 
turn enclosed by the spermogonial wall. Mature spermatia are rod¬ 
shaped, ] .Sju-S/i X 0.5 m-1m, a^tid each possesses a deeply staining, 
centrally located, nucleus. Spennogonia which develop within 
conidiophore bases seem to have a different initial history. The 
pseudoparenchyinatous cells toward the center of the stromatic mass 
are influenced to renewed activity, as evidenced by their staining re¬ 
actions, and the cells lose their pseudoparenchyinatous relationship. 
From this point onward, development is identical with the above- 
described process. 

PERITIIECIA 

Dui’ing early development, perithecia are practically identi(‘al with 
spennogonia as regards time, location in the leaf tissue, and mode of 
origin. They differ markedly, however, in that the (‘ells toward the 
center of the young perithecium do not become enlarged as in the 
young spermogonium. Rather early in the development of the 
perithecium, one to several deeply staining archicarps, each with a 
somewhat enlarged, uniniKileate basal cell and a long, several-celled 
trichogyne, are produced (jd. 1, C, 1)). The nuclei of the basal cells 
ai*e very prominent, wliile those of the trichogynes are sonu'what. 
smaller and stain somewhat less distinctly. It is extremely difficult 
to identify the very young archicarps, but in those cases in whi(*h the 
writer could be certain, they appeared to arise as specializi^d bran<‘hes 
from the plectenchymatous hyphae at ormiear the base of the young 
perithecium. The trichogynes often weave intricately among the 
sterile hyphae of the young perithecium and emerge to coil (pi. I, D) 
or ramify (pi. 1, E) along the surface of the leaf. In certain prepa¬ 
rations (pi. 1, E) the trichogyne is not only branched, but is apparently 
encased by a (chitinous?) sheath, except at the tip. This ifeature, if 
constant, may help to explain why the trichogynes are leceptive only 
at the tips. The fact that the trichog 3 uics often branch, an observa¬ 
tion, which to the wTiter's knowledge, has not heretofore been reported 

EXPL.VNATOHY LEGEND FOK PLATE 1 

^4, Young speriuogouium of Mpco»phaereUa aracMdicola In the upper surface of a Jeaflet, showing the eti 
largement of cells near the center; li, Fortiou of a mature spermogonium showing origin of spermatia; 
C, Young perithecium showing origin of the archicarp; Young perithecium containing two archicarps 

(note the attached, empty spermatium (e) and the spotoi nucleus within the coiled trichogyne (&)); 
Ef Young perlthec um with a branched trichogyne. The exiwsed parts are covered by a (chitinous?) 
layer except at the tip (a); the sperm nucleus has reached the base of the trichogyne; and the protoplasm 
of the trichogyne is disorganized; F, Young perithecium developiug in the base of a conidiophore fascicle 
(>T), showing the sperm nucleus within the basal cell of the arehicarp: <7, An older perithe<*ium The 
ascogonium contains four pairs of nuclei; H, Early development or ascogenous hyphae The paired 
nuclei within the branched ascogonium are embedded in dense masses of cytoplasm. The stromatic 
plug (a) is being pushed out in the formation of theostlolum: 1, Mature perithecium, showing aseogenotui 
hyphae, young asci, mattpe asci, and peripbyses; j; Ascogenous hypha va) young ascus prior to fusion 
of nuclei (6); young ascus with the primary ascus nucleus (c); and a hyaline area at the apex of Uie ascus 
(d); it, beginiiJ^ of drozier formation (a), end the process completed (b). All sketches drawn to scale 
with the aid o^i‘amera luclda. X 1»SW0. 


Two Fungi Causing Leaf Spot of Peanut 


Plate 1 



FOR EXPLANATORY LEGEND SEE OPPOSITE PAGE 







Mar. 1,1038 Two Fungi Cawning Leaf Spot of Peanut 321 


ill tills ^enus of funp, raisos intorestiiij? sponilnlions ns to pliyloj>:enotic 
roliitionsliips. 

Sf'KKMATlZATlON 

Sjiernialia bcconio atlacIuHl to the tij> or voiy near the tip of tlu^ 
trichogyiie. Higgins (J:i, pt. JU) was able to distinguish a receptive 
papilla on the trichogyne in Mycosphaerella tulipiferae. Though this 
feature could not be distinguished in tlie present work, its presence is 
suspected. The actual passage of the sperm nucleus from the spenna- 
tinrn into the trichogyne was not observed. Observations on many 
])reparations, some showing attached, nucleated sperniatia, and others 
showing attached, empty spermatia, together witJi the fact that 
attached, emi)ty sjiermatia are consistently correlated with the 
presence of an extra, readily distinguishable nu(‘leus in the tricliogyne, 
have convinced the writer that spermatization <loes ocinir regularly 
(})1. 1, />, K), It is significant to note, also, as first described by 
Higgins (J, pt. 111), that the nucleus and cytoplasm of the trichogyne 
disintegrate progressively as the sperm nu(‘leus migrates down the 
trichogyne. In tlie present work, the presence of a multicellular 
arcliicarp makes this process all the more convincing (pi. 1, C, D, K). 
The writer believes tliat a more critical study of this phase of develop¬ 
ment would demonstrate th<^ actual passage of the sperm nucleus into 
the trichogyne. The sperm nucleus gradually enlarges as it migrates 
down the trichogy'iie toward the nucleus in the basal cell. Shortly 
after it reaches the basal cell, it is indistinguishable from the basal 
nucleus. No fusion takes place between the spenn and basal nuclei. 
Instead, the ascogonium enlarges, and as it does so, the nuclei divide 
conjugately. 

MATURATION 

Several to many pairs of nuclei are formed in the enlarged asco¬ 
gonium before ascogenous hyphae become evident (pi. 1, G). Shortly 
before and during the time ascogenous hyphae are being formed, the 
enlarging as(‘ogonium becomes variously branched and contorted 
(pi. ], i/). At this time denser masses of cytoplasm enclose the paired 
nuclei (pi. 1, II), in this respect resembling the situation found in 
Mycosphaerella talipiferae pt. III), Initial ascogenous hyphae 
fpl. 1, II, 1) are s(*arcely distinguisliablc from ascogonial branches, 
but later, when crozier formation begins (pi. 1, K), those hyphae that 
will form asci are readily distinguishable. Crozier formation diITei*s 
in no important respects from that described by Higgins (J, pt. III). 
As tlic young ascus begins to elongate, the paired nuclei fuse to form 
the primary' ascus nucleus. This nucleus enlarges somewhat (pi. 1, 
J, c) and begins a series of three divisions, resulting in the production 
of eight nuclei. Single-celled spores are formed by the contlensation 
of cytoplasm about each nucleus. Soon the nucleus of each young 
spore divides once, and cross septa are formed which divide each spore 
into two-celled, biseriately arranged spores, the upper cell usually 
being somewhat thicker ^d shorter than the lower. At the same 
time, the ascogenous hyphae directly beneath and the tiiin-walled 
parenchyma c3ls above the developing asci are crushed by the 
pressure of the elongating asci (pi. 

During ascospore formation, the cytoplasm remains uniformly more 
hyaline at the apex of the ascus. It is in this area that the bitunicate 
nature of the ascus first becomes distinguishable (pi. 1, /, and J, d). 
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Not all the asci of a given ])oritliecjum inaturo at tlio same time. 
Almost without exception, practically all ])hascs of ascus development 
were found in poritliocia which were actively discharging mature 
spores (pi. 1, 7). 

As the first pcospores begin to mature, certain ceUvS near the apex 
of the perithecium begin to multiply, and as this area is cracked open 
by the stress of unequal growth pressure (pi. 1, 77, a) these cells line 
the ostiolum with periphyses (pi. 1,7). The periphyses are destroyed 
by the asci as they elongate and push through the ostiolum during 
spore discharge. 

Several factors influence perithecial formation in nature. One of 
the limiting factors at Experiment seems to be sufficient rainfall 
during spormogonial discharges. During the several seasons the 
writer has pursued this study, it has been shown conclusively that 
unless the overwintering leaflets are wet during the period in which 
spermatia are being discharged, no perithecia are formed. The 
experiment was outlined in three parts, one, in which the leaves were 
sheltered and kept dry, another, in which the leaves were dependent 
on rains and dew for spennatization, and another in which the leaves 
were artificially sprinkled. Perithecia were produced only wdien the 
leaves were artificially sprinkled or when rain fell during spermatial 
discharge. Even under ideal conditions, perithecia are none too 
abundant, which may be explained in part by the fact that the leaflets, 
except for the lesions, disintegrate rapidly, thus affecting the nutrition 
of the overwintering fungus. 

Temperature likewise seems to play an important part in peri¬ 
thecial production. Overwintering leaves were brought into the 
laboratory during February and March and ])laced in moist chambers. 
In each instance, mature perithecia and spores were secured in from 
2 to 3 weeks, while mature perithecia and spores were never found in 
the field earlier than May 31, Spore discharge continued over a period 
of several weeks. 

DEVELOPMENT IN CULTURE 

Conidia germinate readily on agar under favorable conditions. 
Single- and multiple-spore isolations of conidia were obtained by 
streaking water suspensions of spores on tap-water agar in Petri 
dishes and transfemng single or several spores to various types of 
agar in tubes. Satisfactory cultures w^ere obtained on several agar 
media as malt, onion, synthetic, potato-dextrose, whole-milk, rice, 
oatmeal, corn-meal, peanut-leaf decoction, and on such other media as 
surface- and steam-sterilized peanut leaves and stems. On all these 
substrates, growth from single spores is visible to the unaided eye in 
about 3 days as whitish, sharply delimited, pulvinate colonies. Co¬ 
nidia are produced in each case in from 5(3 to 72 hours at room temper¬ 
ature (fig, 2, C). After 4 to 7 days cultures on all media assume an 
olivaceous color, and except in onion agar, on which conidial produc¬ 
tion is sustained for several days, conidial production ceases as the 
colonies begin to change color. Hard agars tend to keep the cultures 
from spreading. After 3 to 4 weeks the cultures on all these media 
have spread considerably and have begun to produce spermogonia in 
abundance. All attempts to produce the perfect stage in culture have 
failed. With the advent of spermogonia, or shortly before^ the colo¬ 
nies become i^ipost black and very stromatic. 
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Failure io obtain iieritliccia in culture was at first attributed to lack 
of free water and consequent failure of spermatizatiori, but even cul¬ 
tures flooded with water and others flooded with suspensions of sper- 
niatia from difl’erent isolates, failed to jnoduce perithecia, as did others 
grown in liquid cultures. Older (‘ultures w^ere fixed and se<*tioned in 
paraffin, but no evidence of archicaips could be found. 

Isolations of asco- 


spores were obtained by 
placing perithecial ma¬ 
terial below inverted 
tap-water agar plates 
and allowing the asco- 
spores to shoot and stick 
to the surface of the 
agar. In this way pat¬ 
terns of eight spores, 
representing the con¬ 
tent of ifidividual asci, 
could be obtained abso¬ 
lutely free from con¬ 
tamination. Close OT / 
distant spucingof spores 
was obtained readily by 
raising or lowering the 
agar plates and, conse- 





(juently, single- or 


milltiple-spore isola¬ 
tions could be obtained 


at will, 

Ascospores germina 
in from to 4 liours un¬ 
der ideal conditions (fig. 
2, ^1, Ii)j but the result¬ 
ant growth is scarcely 
visible to the unaided 
eye even after 5 to (> 
days. like the conidial 
cultures, ascospore <‘ul- 
tures are whitish in col¬ 
or when first visible, 
but after 7 to 10 days, 
they, too, begin to as¬ 
sume an olivaceous col¬ 
or, Conidial production 
from ascospores in cid- 
ture begins on any of 
the several media listed 



B'iqube 2.-~A, Ascc^pore»otMuco)tphaerefia arachidicoia, B, perminat' 
inp tiacQsporoa aacr 15 hours in tap water; C, C'ouidiafrom ascosi)ore 
cultures. All X 750- 


al>ove after 5 to 6 days and, as before, is of rather short duration. 
In all respects, cultures from ascospores and from conidia are indis¬ 
tinguishable, except for the fact that ascospores produce a slower 
initial growth. Likewise, conidia produced on ascospore cultures 
(fig. 2, C) are indistinguishable from those produced in cultures fiom 
conidia and those produced on lesions on the peanut plant. After 



324 


Journal of Agricultural Research 


Vol. m. No 


nhoxit 3 weeks, both single and multiple ascospore cultures begin to 
produce spermogonia abundantly, but thus far all efforts to produce 
perithecia from ascospore cultures have failed. 

GENETIC RELATION OF SPORE FORMS 

Except for the fact that ascospores i>roduced slower initial growth, 
cultures from conidia and from ascospores are identical in color, charac¬ 
teristics of growth, type of spores produced, and in all other measurable 
respects. 

Since conidia are readily produced in artificial cultures, from both 
conidia and ascospores, these wore used as the source of inoculum for 
inoculation tests, as well as conidia taken from peanut leaves. 
Healthy, growing peanut plants were selected for use in the inocula¬ 
tion tests, all of which were carried out in the greenhouse. Inoculum 
consisting of conidia in tap-water suspensions was placed on either 
upper or lower surface of leaflets, allowed to diy until barely moist, 
and then either wrapped with moist absorbent cotton and covered 
with cellophane or enclosed in bell glasses. Both methods proved 
successful and visible infections ranging from 50 to 100 percent were 
obtained in from 8 to 23 days. The cliecks remained free from in¬ 
fection. Under certain conditions of high temperature and low hu¬ 
midity, and when plants were low in carbohydrates, tlie percentage of 
infection was small and symptoms were slower in developing. The 
same was true when inoculations were made with conidia from asco¬ 
spore cultures. Whether conidia from ascospore cultures, conidia 
from leaves, or conidia from conidial cultures were used, the symptoms 

[ H’oduced were identical (fig. 1, Ay B), the conidia borne later on the 
esions were identical, and reisolations from these lesions were identical 
with the cultures from which the inoculum was taken. 

Further evidence of genetic relation was found in numerous observa¬ 
tions on sectioned material, in which definite hyphal connections could 
be demonstrated between spermogonia and perithecia, in which pori- 
thecia and spermogonia developed in conidiophore bases (pi. 1, F, ("?)> 
and in wliich conidia were often produced the following spring on 
conidiophores arising from the exposed walls of spermogonia. 

TAXONOMY 

The form and development of the perithecia, the asci produced in 
fascicles, the absence of paraphyses, and the two-celled hyaline spores, 
are all clearly characteristic of the genus Mycosj^haerella Johans. A 
careful review of the literature shows that no species oi Mycosphaerdla 
has heretofore been reported on peanut leaves, and since the peanut 
has no close relative in this country, there can be little doubt that tliis 
is an undescribed species. Tt is, therefore, designated MycosphaereUa 
arachidicola n. sp., with the following diagnosis: 

Mycosphaerella arachidicola n. sp. 

Syn.: Cercospora arachidicola Hori, 1917, Nishigahara Agr, Expt. Sta. Tokyo, 
Ann. Kept, pp* 25-27 W)» 

Cercospora arachidis P. Henn. var. macrospora Maff., 1922, Riv. Patol. 
Veg. 12: 7-11. 

Perithecia scattered, mostly along margins of lesions, amphigenous, partly 
embedded in host tissue, erumpent, ovate to nearly globose, 47.6iu*-84pX44.4M"“74M, 
black, osflolumi ^ghtly papillate; asci cylindrical club-shaped, short stipitate, 
fasciculate, i7p^W-BtxX7iJL-hApt aparaphysate, bitunicate, eightnapored; spores 
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uniKCriate to imperfectly bis(*riate in tii<* u^ens, liicelliilar, the upper cell «ornc\\l»at 
hir^fcr, slightly curved, hyaline, 7 m 1o.4mX3m 4m (average 11.2MX3hlM). 

ilab. In overwintered lesions produced by the conidial stagc‘ on leailcts of 
Arachw hypogaeaj Experiment, (Jeorgia, maluring during June and J\ily. 

Hpcrmogonia: Scattered in and along margins of lesions produced by the 
conidial stage, ovate to globtise, black, amphigenous but perhaijs more often epi- 
phyllous, embedded in leaf tissire but later erumpent, ostiolale, 45M“75MX30M“7r)M 
(average C2.25 mX 48.5m) ; spermatia small, rod-shaped, hyaline, 1.5 m-"3mX0.5m, 
arising endogenously, usually in fours within spermatiferous cells and lilierated 
through sterigma-like processes. 

On recently fallen leaflets, maturing throughout period from October through 
February. 

(’onidial stage: Spots irregularly circular, often confluent, varying in size, 1 mm 
to several centimeters, pale to dark brown, surrounded on upper surface l)y dis¬ 
tinct yellow' halo, mostly on leaflets but also on stems late in season; conidiophores 
mostly epiphyllous, sometimes amphigenous when old, arising from a stroma, 
fasciculate, geniculate, yellowish brown, continuous to one to several sef)tate, 
20m 45m X3m-0m; c^uiidia colorless to slightly' olivaceous, obclavate to clavate, 
often curved, 35 m 108m X 2m* 5.4m, 4 to 12 septate, length and septation influenced 
by dry w'eather. 

Conidial stage parasitic on all above-ground parts of Arachis hypogaeM^ but 
mostly causing leaf spots. 

Peritheciis sparsis, pleruni<pie maculis marginatis, amphigenis, semi-iiiimerHis, 
punctiformibus, ovatis vel globosis, 47.0 m"^4a‘X44.4m-74m, nigris; ostiolis papillate 
praeilitis; ascis cylindraceis clavatis, brevisme stipitatis, aparaphysatis, bituni- 
calis, octosporis, 27 m- 37.8My7 m-3.4m; sporidiis uniseriatis vel biseriatis, bicellu- 
laribus, cellula superiore leniter latiore, vix curvatis, hyalinis, 7 m-15.4mX 3m-4m, 
pleruimpie 11.2 mX3.()m. 

Hab. in foliis dejectis Arackidis hypogeae, 

Hpermogoniis autumno efformatis, sparsis, iilerumrpie maculis marginatis, 
ovatis vel globosi.s, nigris, amphigenis plerunuiue epij)hyllis, innato-erumpentibus, 
punctiformibus, 45 m 75mX30m 75m, plerumque G2.25 mX4S.5m, spermatiis bacillari- 
bus, hyalinis, 1.5 m-3mX0.5m 1m. 

Hab. in foJiis dejectis Arachidis hypogcae. 

Statu conidico in maculis orbicularibus v. irregularibus, confluentibus, magnis, 
ocraceis vel rubro-ferrugineis, ocraceis marginatis, phTumciue foliis efformato; 
liyphis fertilibus plerumque epiphyllis, rare amj)higenis, a stromate orientibus, 
fasciculatis, geniculatis, ochreis-ferrugineis, contiuuiis vel pluriseptatis, 20 m-45mX 
3m Om; conidiis hyalinis vel dilute olivaceis, obclavatis vel clavatis, plerumque 
curvulis, 35 m-108mX2m“5.4m, 4 12 septatis. 

Hab. in foliis et ramis vivis Arachidis hypogcae. 

MYCOSPHAERELLA BERKELEYII, n. sp. 

THE DISEASE 

The disease produced by this fungus, like that produced by Myco,^- 
phaerella araehidicolay is evident on all parts of the plant above the 
soil. Late in the season it produces lesions on the stems, but it is 
predominantly a leaf spot disea.se. Early symptoms are indistinguish¬ 
able from those caused by M. arachiawola y hxii very soon certain 
marked changes occur which make identification certain. 

PerhapvS the best diagnostic symptoms of Afyco.sphaerella berkeleyri 
leaf spot is the fact that the lesions are more circular than those of 
AP arachidicolay and the necrotic portions of the lesions, on both leaf 
surfaces, very early assume a very dark-brown to almost black color. 
At the same time, yellow halos are present on the upper surface of 
leaflets only on the more mature spots, this being in contrast to the 
very early-forming halos of AL arachidicola. Ideiitification becomes 
unmistakable at or shortlv before conidial production. At this time, 
the conidiophores are connned practically entirely to the lower surface 
of the leaflets and appear as definitely raised, dark-brown, stromatic 
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tufts, usually airan^cd coiicoutrically and easily visible to the unaided 
(tig. 3). Later, the conidiophorcs may become somewhat amphi* 
genous on old lesions, but oven so the dark-brown, stromatic, concen¬ 
trically arranged tufts of conidiophores could not be easily confused 
with the evenly distiibuted, olivaceous, more effuse conidiophores of 
Ai. arachidicola. 

Inoculation tests with conidia indicate that the germ tubes of 
Mycosphaerella herkeleyii may enter either surface of the leaflet, 
through the lateral faces of epidermal cells or through open stomata, 
as do those of A/, arachidicola. Sections of young and old lesions, 
however, show striking differences as regards the parasite-host rela¬ 
tionships of the two fungi. The penetration hyphae of M, berkeleyii 
soon establish themselves intercellularly and remain so, sending 
variously branched to botryose haustoria into the cells of all leaf 



Fiquke 3.—Typical lesions of Mycosphaerella berkeleyii, on lower surface of iwauul lottllets, fronj fieUi collec¬ 
tion, X 5. 


tissues (fig. 4, B), The cells of the host are not killed in advance of 
tlie parasite. In fact, many preparations show haustoria established 
in apparently normal cells. 

Tae conidiophores developed subcuticularly or subepidermally, and 
continue to become more stromatic even after they emerge through 
the leaf surface. At the time of conidial production, the conidiophores 
are coarse, reddish brown in color, except for hyaline tips, continuous 
to several septate, geniculate, and scarred by the abjointing conidia. 
The bases of the conidiophores are very stromatic, being composed 

iPhe conidia are somewhat obclavate, but more generally cylindrical, 
except for somewhat attenuated tips, one to eight septate, pale brown 
to dilutely olivaceous, and measure ISfi-^OfxX5^-11 fi* These conidia 
vary considerably under different conditions of moisture at the time 
they are formed, as do those of Mycosphaerella arachidicola. 

SPERMOGONIA 

Spermogonia have been reported for this fungus (7), but as in the 
case of Myt^haereUa arachidicola, no studies of their development 





Mar. 1,1938 


Two Fungi Causing Leaf Spot of Peanut 


327 


liavo boon inaclo. I'lio cytoloji^ical details of tlio dovoIopiiKMit of tlio 
sponnogonia and poritbocia have not been fully worked out by the 
present writer, but it is hoped that tiiis work may be completed 
at an early date. It was thought best to present here the work so 
far completed since the tw’^o organisms under consideration have 
been the subject of taxonomic confusion in the past, and since 



Fioukk 4. —At Oerm tube of oouidium of Myco9phaer€tUi arochidicola entering a stoma, X 750; n, section 
of a young lesion of M .berkeleyii, showing haustoria in epidermal and mesophylJ colls, X 1320. 

enough is known of their development to permit them to be definitely 
classified. The evidence so far obtained indicates that the spermogonia 
of this fungus originate and develop in a manner similar to those of 
Myeos^hOiereUa araehidiecia, and at comparable times of the year. 
The minor details of measurements, comparative amounts of stroma, 
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etc., while iinportant, must await the completion of the cytologieal 
study, 

rKKlTlIKC'IA 

Development of peritliocia in this species appears to ditfer in several 
phases from that in Mycos'phaerella arachidicola. Because of a 
greater amount of stroma in the old lesions, M. berkeleyii exhibits 
several initial variations which will require further study. Among 
these variations may be mentioned the fact that the archicarps are 
verv numerous, often six to eight, in the young perithecia of M. 
berkeleyii. The largo number of these structures and the fact that 
they interweave very intricately among other elements of the young 
perithecium, has slowed up this study considerably. 

The work thus far indicates that spermatization is as essential to 
perithocial development in Mycosphaerella berkeleyii ns in M. arachi¬ 
dicola, The same factors listed as influencing the perithecial develop¬ 
ment of M, arachidicola were found to influence perithecial develop¬ 
ment in M, berkeleyii. The experiments on the two fungi were 
planned and carried out concurrently. Although mature x>crithecia 
and spores were developed in moist chambers in the laboratoiy in 
March on material collected in Februaiy and March, mature 
thecia and spores were not found in the field until early in July. This 
is an unusually late date for maturation of perithecia and spores of 
a species of Mycosphaerella^ but, by allowing for a 2- to 3-week 
incubation period, the date of discharge of mature spores in the fi<dd 
is correlated very well with observations on time of initial infections 
on field-grown plants. 


DEVELOPMENT IN OULTtrRE 

Single and multiple spore isolations of conidia were obtained by 
the streak method outlined previously. In all cases, the same media 
were used as before mentioned. No difficulty was experienced in 
obtaining spore germination and conidial production in artificial 
culture. Given similarl37 ideal conditions,^ conidia of Mycosphaerella 
berkeleyii do not differ in percentage and mode of germination from 
those of M, arachidicola^ except for the fact that the conidia of M, 
berkeleyii respond best to slightly lower temperatures. 

On all substrata grow th is extremely slow and becomes visible to 
the unaided eye only after 4 to 7 days. From the time the mycelium 
can be seen in culture, the hyphae are distinctly pigmented. At first 
the color is pale buff, but as the colonies age it Becomes tawny or even 
reddish. Growth is always sparse. At first the aerial hyphae stand 
apart rather than form a compact growth as in M, arachidicola. Even 
when old, the colonies never spread much; instead, discrete tufts of 
tawny- to reddish-colored aerial hyphae develop from small stromatic 
bases. After 7 to 10 days or sometimes longer, while the colonies 
are still only a few rnillimeters in diameter, numerous spores are pro¬ 
duced on typical conidiophores (fig. 5, c). In all respects, these spores 
are like tKose taken from peanut leaves, except, owing perhaps to 
the more constant moisture supply, they are uniformly longer. The 
writer tried on several occasions to cause the colonies to spread by 
jarring the cultures during spore production and thus knocking other 
spores ontQ|^|he medium. In ml cases colonies from these spores 
remained dif^ete from the original colony. After «3 to 4 weeks, the 
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colonics become slrornatic, often decidedly reddish in color, and pro¬ 
duce spermogonia in abundance. All attempts to produce the perfect 
stage m culture have resulted in failure; likewise no archicarps have 
ever been found in artificial cultures. 

Ascospores isolated as described for Alycosphaerella arachidicola 
germinate in from 4 to 10 bom’s under laboratory conditions, but the 
resultant f^row’th is 
scarcely visible to 
the unaided eye even 
after 7 to 8 days 
(fig. 5, Ay /i). In all 
respects, ascos])ore 
cu 11ures are i<len ti- 
cal with conidial cul¬ 



tures, except for a 
slower initial growth, 
and produce typical 
conidia, after 7 to 
12 days, identical in 
every way with those 
from conidial cul¬ 
tures. In fact, conid¬ 
ia are produced from 
a scospore cultures 
sometime before th(‘ 
colony is readily vis¬ 
ible to the unaided 
eye, and the period of 
conidial production 
often extends over a 
p(»riod of a week or 
Jiiore. After 3 to 4 
W(»eks, a sc os pore 
cultures likewise pn>- 
duce spermogonia in 
abundance, but all 
attempts to produce 

[ )erithecia in culture 
lave failed. 

GENETIC RELATION OF 
SPORE FORMS 

C'ultures and co¬ 
nidia protluced on ar¬ 
tificial media, from 
both ascospores and 
conidia, are identical 
in all measurable re- 



Fuk’KK AseosiHne> of AJpco.'^phuerella bnkdfyit: B, jrermiuatjnc 

ascospores after lb hours in tap water. C, conidia from a.scospore 
cultures. D. conidia from lesions obtained by inoculat injr peanut leattets 
with conidm from ascospoie cultures, 4 weeks after inoculation. 
All X 750. 


spects, except for the fact that the spores produced in culture are 
uniformly longer than those taken from peanut leaves and ascospores 
produce a slower initial growth than do conidia. 

Tap-water suspensions of conidia, developed in culture from aseo- 
spores, were used as inoculum for inoculation tests, as well as conidia 
from conidial cultures and conidia from peanut leaves. Plants, 
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technique, and checks were as described earlip for Mycosphaerella 
arachidicola. The percentage of infection obtained was disappoint¬ 
ingly low in those instances in which infection was obtained, but all 
lesions were identical with those on field material. The writer feels 
that these results may have been due to any one of several combina¬ 
tions of factors, including moisture, temperature, carbohydrate reserve 
of the plants used, as well as age of the plants. It is sufficient to say, 
however, that several inoculations produced tvpical infections, which 

£ 'elded identical cultures when reisolated. The check remained free 
om infection. As a rule, infections were evident in from 10 days to 
3 weeks, though some inoculations, in very hot weather, did not show 
symptoms of infection until after 4 weeks. 

Further evidence of genetic relation was obtained from a study of 
sectioned material. In all cases thus far seen perithecia originate in 
the bases of conidiophore stromata, or are so close by that hyphal 
connections are perfectly evident. The lesion produced by the 
conidial stage is so characteristic and retains its identity so perfectly, 
that one can follow conidial, spermogonial, and perithecial develop¬ 
ment within the confines of lesions which are readily identifiable as 
being unmixed. This alone, in the abscuice of other data, would 
constitute weighty evidence of the genetic relation of these sjiore 
forms. 

TAXONOMY 

The form of the perithecia, the asci produced in fascicles, the 
absence of paraphyses, and the two-celled hyaline spores, are all 
clearly characteristic of tlie genus Mycosphaerella Johans. This spe¬ 
cies has apparently not been described previously. The writer pro¬ 
poses the designation Mycosphaerella berkeleyil in honor of the first 
author of this leaf sjiot fungus, with the following diagnosis: 
Mycosphaerella berkeleyil sp. nov. 

Syri.: Cladosporivin personatum B. and C., 1875, (Jrov. 3: 100. 

Cercospora personata (B, and C.) Ellis and Everhart, 1885, Jour. Mvcol. 
1:63. 

Sepiogloevm arachidis Kac., 1898, Ztschr. PUanzenkrank. 8: 6(M>7, 
Cercospora arachidis P. Henn., 1^2, Hedwi^ia 41 (Beibl.): (1,5)-'(18). 
Perithecia scattered, mostly along margins of lesions produced by the conidial 
stage, amphigenous, partly embedded in host ti.ssue, erumixuit, broadly ovate to 
globose, 84iu-140iuX70M~l 12 m, black, ostiolum slightly papillate; asci cylindrical 
club-shaped, short stipitate, fasciculate, 30 m~40mX4m-6m, aparaphysate, bituni- 
cate, eight-spored; spores uniseriate to imperfectly I)i8eriate in the aseus, bicellular, 
the upper cell somewhat larger, slightly constricted at the septum, hyaline, 
10,92m-19.6mX2.9m'-3.83m (average 14.9mX3.44m). 

Hab. In overwintered lesions produced b.v the conidial stage on leaflets of 
Arachis hypogaea, Experiment, Georgia, maturing during June and July. 

Spermogonia: Scattered in and along borders of lesions produced by the conidial 
stage, ovate to globose, mostly heavy walls, black, amphigenous but perhaps 
more often epiphyllous, embedded in leaf tissue but later erumpent, ostiolate, 
75 m790mX70m-90m; spermatia small, rod-shaped, hyaline, 1 m“3mX0.5m"“Im, 
arising endogenously, usually in fours within spermatiferous cells and liberated 
through sterigma-like processes. 

On fallen leaflets, maturing throughout period from October through February. 
Conidial stage: Spots mostly circular, often confluent, varying in size, 1 mm to 
several centimeters, brown to dark brown, often surrounded by a yellow halo on the 
upi)er surface w'hen old, mostly on leaflets but often on stems late in season; coni- 
diophores mostly hypophyllous, sometimes amphigenous when old, arising in more 
of less distinctly concentric tufts from heavy stromatic bases, fasciculate, genicu¬ 
late, reddisli-brown with mostly hyaline tips, continuous or one to several septate, 
24 m-'54mX2m-8.^|i; conidia somewhat obclavate but more generally cylindrical 
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with somewhat attenuated tips, pale brown to dilutely olivaceous, ISm-BOmXom - 
ll/i, one to eight septate, length and septations influenced by dry weather. 

Parasitic on all above-ground parts of Arachis hypogaea, but mostly causing 
leaf spots. 

Peritheciis sparsis, plerumque maciilis marginatis, amphigenis, scmiimmersis, 
punctiformibus, ovatis vel globosis, 84 m 140m X 70m-1 12m, nigris, ostioUs papillate 
praeditis; ascis cylindraceis clavatis, brevisme stipitatis, aparaphysatis, fas- 
ciculatis, bi-tunicatis, octosporis, 30m-40mX4m- Cm; sporidiis uniseriatis vel bi- 
scriatis, bicellularibus, ocllula superiore leniter Jatiore, leniter constrictis, hyalinis, 

10. 92m-' 19.CmX2. 9m- 3. 83m plerumque 14.9mX3.44m. 

Hab. in foliis dejectis Arachidis hypogeae. 

8permogoniifi autuinno efforrnatis, sparsis, plerumque maculis marginatis, 
ovatis vel globosis, nigris, amphigenis plerumque epiphyllis, innato-erumpentibus, 
punctiformibus, 75m'90mX 70m 90m; spermatiis bacillaribus, hyalinis, 1 m“3mX 
0.5m” 1m* 

Hab. in foliis dejectis Arachidifi hypogeae. 

Statu conidico in maculis orbicularibiis v. irregularibus, interdum confluentibus, 
inapiis, brunneis vel atro-brunneis, plerumque ocraceis marginatis, plerumque 
foliis efformato; hyphis fertilibus hypophyllis, rare amphigenis, a stromate coii- 
centricis orientibus, fasciculatis, geniculatis, rubro-ferrugineis, sursurn dilutionbus, 
c(uitinuis vel pluriseptatis, 24 m-54mX2m-8.2m; coiiidiis sursurn obclavatis plerum- 
(jue cylindricis attenuatis apiciis, dilute brunneis vel dilute olivaceis, 18m~C0mX5m ■ 
1 Im, one to eight septatis. 

llab. in foliis et ramis vivis Arachidis hypogeae. 

For the ronvenienco of plant pathologists and mycologists, type 
material of both species has been deposited in the following herbaria: 
Creorgia Agricultural Experiment Station, Experiment, Ga.; ^^yco- 
logical Collections of the Bureau of Plant Industry, Ignited vStates 
Department of Agriculture, Washington, I>. C.; Plant Pathology 
Department, Cornell University, Ithaca, N. Y. 

DISCUSSION 

The disease caused by Mycosphaerella arach'tdicola usually appears at 
Experiment early in July; tliat caused by M. berkeleyii usually appears 
a few weeks later. By allowing for an incubation period of from 2 to 3 
weeks, the time of appearance of the diseases in the field is closely 
correlated with the dates the organsims begin discharging ascospores. 
Primary infections arc rarely so numerous as to attract much notice. 

During the years these diseases have been under observation, 
J\I. arachidicola lias been for the most part more widespread than 
Alycosphaerella herkeleyii. It also reaches epiphytotic proportions 
during August and early September, whereas M. herkeleyii is most 
(lestructive from September through harvest. During the epiphytotie 
months, the nights are cool and humid, a condition which especially 
favors the rapid spread of these organisms. Though both leaf spots 
occur on a given plant or a given leaflet, and even mixed lesions (i. e., 
lesions in which both organisms are fruiting) are not uncommon in the 
field, M. arachidwola usually causes the most damage to Spanish 
peanuts in Georgia owing to the fact that these varieties are usually 
harvested before M. herkeleyii reaches epiphvtotic proportions. On 
otlier varieties on which comparisons can be made, M. herkeleyii 
usually causes a more rapid defoliation than M, arachidicola. 

SUMMARY 

The morphology and life history of the two peanut leaf spot fungi 
known heretofore as Cercospora arachidicola Iiori and C. personata 
(B. and C.) E. and E., which cause destructive leaf spots of Arachi- 
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hypogaea (peanut), have been studied over a period of three seasons. 
Each fungus was found to i)roduce spormogonia and pcrithecia, in 
addition to conidia. 

Ai)parently neither pcritheeial stage has heretofore been described, 
and the author accordingly proposes Mycosphaerella araMdicola sp. 
nov. for the j)erithecial stage of Cercosjma arachidicola and M, 
berkeleyii sp. nov. for the perithecial stage of C, personata. 

The development of spermogonia and perithecia of both fungi is 
initiated during early fall. The spermogonia mature and (usually) 
cease liberating spermatia by February, whereas the perithecia do not 
mature until late in the following spring. 

Additional evidence is presented to indicate that spermatia function 
as male sexual elements in the production of perithecia. 

The disease caused by Mycosphaerella arachidicola reaches epiphy- 
totic proportions during August and early September, whereas that 
produced by M, berkeleyii is most destructive from September through 
harvest. 
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HOPI COTTON, A VARIABLE SPECIES ^ 

By H. J. Fulton 

Assistant agronomist^ Division of Cotton and Other Fiber Crops and Diseases, 
Bureau of FHant Industry^ United States Department of Agriculture 

INTRODUCTION 

There is much interest at present in Ilopi cotton {Gossypium hopi 
Ijewton), a species formerly cultivated by the Hopi Indians of north¬ 
eastern Arizona on the llopi Indian Reservation. This interest, 
stimulated by tests (‘inducted by the Bureau of Agricultural Econom¬ 
ics of the United States Department of Agriculture,^ has resulted in 
requests for seed from cotton breeders in this and foreign countries, 
who hope to combine the spinning qualities of the aboriginal cotton 
with the productivity of commercial varieties. Archeologists are in¬ 
terested in Ilojii cotton on account of its probable identity with the 
jil)er found in prehistoric ruins in tlie Soutliwest.'^ 

BREEDING STOCK 

The behavior of several strains of Gossypium hopi in the breeding 
plots at th(^ United States Field Station, Sacaton, Ariz., indicates 
that the species is genetically heterozygous and capable of modifica¬ 
tion by selection. Until 1933 only two strains were grown at Saca¬ 
ton. One of these, ‘^Moqui,'^ is an inbred descendant of seed col- 
lect<‘d in 1911 at Oraibi Village, on the Hopi Indian Reservation, by 
Frank A. Thackery.^ The other, ^^Sacaton AboriginaT^ descended 
from seed obtained from a Pima Indian at Sacaton, on the Gila River 
Indian Reservation. It was assumed to be the kind of cotton grown 
by the Pimas before the advent of the white man. As growm at 
Sacaton, the plants of both strains are erect, 5 to 8 feet high, and 
have })itted bolls and yellow^ pollen. They differ in these characters 
from J..ewton’s description ami illustrations of G, hopi. 

In 1932 C. J. King and George J. Harrison, of the United States 
Department of Agriculture, obtained seed cotton from an old Hopi 
Iiulian at Moeiicopi, on the Hopi Indian Reservation, Ariz., who told 
them that he was growing his third successive crop for ceremonial pur¬ 
poses. Replies to previous inquiries about the production of cotton 
on the Indian reservations had indicated that none had been grown 
for a number of years. 

In 1933 several hundred hills of cotton from this new supply of 
seed, designated ‘‘Hopi Moencopi'' or “Hopi M,” were growm at 
Sacaton. Approximately 40 plants were selected for propagation, 
several of wliich showed different degrees of pitting of the surface of 
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the bolls. The progenies grown in 1934 from self-pollinated seed con¬ 
tinued to show segregation in respect to boll surface, and further selec¬ 
tions were made. In addition, plants with white corollas, and others 
with cream-colored pollen, were observed and selected. From these 
selections, progenies have been isolated that breed true for white 
corolla, yellow corolla, cream-colored pollen, yellow pollen, smooth boll 

surface (oil glands em¬ 



bedded and confined 
to an area near the 
sutures), and pitted 
boll surface. Figure 1 
shows the range of pit¬ 
ting found in bolls of 
tlicse progenies of the 
Hopi Moencopi strain. 

In 1933 many of the 
plants exhibited the 
prostrate habit de¬ 
scribed by Ijowton, hav¬ 
ing main stalks and 



limbs that reclined by 
the time they were 3 
months old. In suc- 
c ceding generations 
the progenies of plants 
from winch self-polli¬ 
nated seed was ob¬ 
tained tended to as¬ 
sume a more nearly 
erect habit. However, 
none of the plants in 
the progenies of the 
Mocncoj)i strain have 


Figure from five proKeniCN of the Moencopi strain #»f Hopi 

cotton showing differences m degree and character of the oil glunds 
The number of glands, increases from none, or almost none, in A 
to numerous in K. In B, and (7 the glands, which are only 
along the sutures, are embedded, whereas in D and E they arc in 
visible pits on the surface. Natural size. 


developed main stalks 
a8 strong as those of the 
Moquiand Sacaton al)- 
originnl strains. This 
weakness of stems var¬ 


ied from progeny to progeny, being least pronounced in the progenies, 
grown in 1936, that were designated Hopi M 34-6-2 and M 34-9-2. 


COMPARISON OF CHARACTERS 


Table 1 presents a comparison of nine characters of the Hopi prog¬ 
enies grown at Sacaton m 1936. The first two progenies listed in the 
table, Hopi M 5-4^13 and M 5-4-10 (fig. 2), come nearest to matching 
Lewton’s description, having yellow corollas, cream-colored pollen, 
and smooth boll surface. The next tluee selections from Hopi Moen¬ 
copi have yellow instead of cream-colored pollen, and progenies M 
34-6-2 and M 34-9-2 further depart from the original description by 
having Ae surface of the bolls conspicuously pitted like those of Pima 
{Gossypium barbadense L.). These two progenies approach the two 
long-inbre<| strains of Hopi—'Moqui and Sacaton aboriginal—^in plant 
habit, in d«ii||>lla color, and in boll surface, and are the most productive 
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of the Moencopi strain. The last four progenies introduce another 
character, white corolla, and have boll surfaces intermediate in degree 
of pitting. 


Table 1.—'Comparison of certain characters in progenies of Hopi cotton, grown at 
the United States Field Station, Sacalon, Ariz., in 1936 


Progeny de.siguation 

t 

<x> 

Is 

o 

1 

i 

Corolla I 
color i 

Pollen color 

u 

C5 

5 = 

^ tub 

o| i 

is ! 
i% 1 

2 

1. 

t3 

X 

'V 

a 

u 

« 

p 

t 

I 

per quartile 
ber length 


% 

i 


o 

it 

- - 

1 

1 

a 

a 

C^C3 

L' 


Xo. 




Qraim 

Xo. 




Inch 

Ilopi M .3-4-13.-. 

3 

Yollow- .. 

Idght cream . 

! 0 ifi 

1 03 i 

\ 10 1 

; 8 05 

1 2 00 

20 0 

0 93 

Hopi M .M-IO 

, 3 

...do_j 

Cream.- 

1 .3b 

1 82 , 

IS. 2 

i 8 10 
: 7 70 

1 88 

18 8 

.90 

Hopi M C 10-1 ... . 

* ,3 

,do_-i 

Vtllow'... 

: 94 


12 6 

2 26 

22.8 

87 

Hopi M 34- 0 2. 

t 3 

1.- <U»_-.1 

_do__ 

' 4 b() 

* 1 36 1 

12 9 

8 40 

I 2.22 

20 0 

98 

liopi M 34-9-2 . 

1 3 

... do.._ ..I 

. ..do. 

4 (X) 

1 1 4b i 

13 8 

I 7 00 

2.18 

21 9 

.95 

Moqili. . - --- 

i 13 

: ..do . 

_do.. 

3 75 

; 1 95 

10 6 

lio 04 

; 178 

15 2 

.83 

Sacaton aboriginal 

i 14 

...do. - ' 

_ do - ... - 

' 3 75 

1 2 01 

20 0 

8 62 

1 1 54 

15 6 

.87 

Hopi M fV-3-5 . 

' 3 

1 White ... 1 

.. . do_ 

1 1 10 

, 1 r>b 

11 5 

110 76 

’ 2 20 

17 3 

! 88 

Hopi M 014-1. 

! 3 

...do_1 

. do.... 

■ 1 90 

i 1 79 

15 0 

! 9 00 

1 2 48 

21 6 

1 .80 

Hopi M iy ir»- A 

3 

i.. do 

.... do.- 

• 1 H 

. 1 79 

13 5 

10 40 

1 2. 78 

21 I 

i 84 

Hopi M 0-10 7 

i 3 

1 do 

‘_do. - 

1 34 

i 1 05 

13 2 

i 9 9H 

: 2 56 

1 20 5 

1 82 


i 


' Based on an arbitrary range of grade:*, 0 to 4, inclusive, illustrated in fig 1 


The undesirable character of Ilopi cotton for commercial production 
is shown (table 1) by the seed-cotton weight per boll and the lint per- 
<‘eutage. For the jiurpose of comparison, these and asso(*iated char¬ 
acters for Ilopi and for Acala—the latter being tlie leading upland 
cotton variety grown in Arizona—are given in table 2. 


T able 2 .—Comparison of certain characters in Ilopi and Acala cottons 


<'bill net t‘i 


I I Aeiila 


See«J-(*c)tt(>n weight f)«r boll 
per boll 
Seed liuli'A 
Lint index. 

Tnnt pereentage. 


prams .{ 

1 0.5 ; 

6 18 

number .) 

11.9 I 

32 5 

.! 

9 0 1 

13 0 


2 18 

7 71 


19 6 ) 

30 0 


I Means of the values for the respective characters listed in table 1, 

In order to emplutsizo the small size of the Hopi boils, it is computed 
that 1,403 would be required to furnish 1 pound of lint, as compared 
with only 204 bolls of the Acala variety. The values for seed index, 
lint index, and lint percentage show that the seeds of Hopi are not only 
small but are sparsely covered with lint. 

The fiber length given in table I is the upper quartile of sorted 
arrays rather than the mean, as Webb ^ and his associates have found 
that in ginned cotton fiber the upper quartile length approximates the 
length determined by professional cotton clavssers. For fiber length 
Lewton gives a range of 18 to 25 mm (0.70 to 0.98 inch). The 
Hopi progenies range from 0.82 to 0.98 of an inch in upper quartile 
length (tar)lo 1), and all of them seem to meet the requirements of the 
original description in having “wliite, strong, fine, and silky” lint.® 

* Wkbb, U. W. hutbR'^VEbb cottun irtBBR pupiiKX 5JORTRU . . . Amgr. .Soc. Tostlug Materials; Proc 
33. V. 32, pt. 2, pp. Ml, lllas. 1932. 

® Lkwton, F. l. See footnote 4, particularly p. 10 of reference. 
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Genetic experiments, involving interspecific crosses, confinn the 
evidence from morphological characters that Gossyjnum hopi is more 
closely related to G. hirsutum L. than to G. harhadense. Segregation 
in F 2 was much less pronounced in the cross with upland cotton 
{G. hirsutum) than in the cross with hlgyi)tian cotton ((?. harhadense). 



Figure 2.—Plants of tho Moonooi)! strain of Hopi cotton, progeny M 6- 4 10,107 days after planting. Xol 0 
the well-dovclopod fruiting l)rancbes The piants wore from 30 to 34 indies high. 


and there was much less sterility in hirsutum X hopi, F 2 than in 
harhadense X hopi P’s. A study of the btjhavioi- of several contrastijig 
characters in intraspecufic crosses among different progenies of G. hojii 
is now in progress. 


SUMMARY 

The data presented in this paper indicate that Hopi cotton, formerly 
gro\ra by the southwestern Indians, is heterozygous and capable of 
modification by selection. Progenies have been isolated that breed 
true for each character of the fdlowing allelomorphs: (1) Yellow and 
white corollas, (2) yellow and cream-colored pollen, and (3) smooth 
and pitted bolls. 





OXIDASE AND OATALASE ACTIVITY OP BARTLETT 
PEARS IN RELATION TO MATURITY AND STORAGE ‘ 

Hy Boyce J). afisiaUinl korticidturisl^ iiiul Klsk CJekhaudt, physiologic^ 

Division of Frinl and Vegetable Crops and Diseases^ Hureau of Plant Industry, 

United Stales Department of Agriculture 

INTRODUCTION 

In a previous ])ublication {H) ^ it was pointed out that Bartlett 
pears j)icked relatively immature gave a less desirable canned product 
than <Ud those left on the tree until more mature. The less mature 
fruit tended to have a pale orange-yellow color in contrast to the clear 
translucent cream color of the more mature fruit. This difference in 
(‘olor was duo to changes in the fruit itself and not to differences in 
processing. It was found that for best results Bartlett pears should 
he harvested at a pr(»ssure test of 17 to 15 pounds (as measured on the 
pareal flesh by means of the United States Department of Agriculture 
f)ressure tester with the ,^i6-inch plunger) and stored immediately at 
to 32® F. for 15 to 30 days. Longer periods in cold storage tended 
to exaggiTate the undesiral)le color of the less mature fruit. 

An oxidase is believed to be the principal agent responsible for the 
darkening of pears in preparation for canning. In commercial can¬ 
neries the i)ared fruit is ])laced in a sodium chloride solution to inac- 
tivate the enzyme and prevent excessive oxidation until the fruit is 
ready for processing. If the oxidase is very active tlie darkening will 
!)(' ru])id and the fruit may be discolored before it can be placed in the 
brine solution, or the enzyme mav not be completely inactivated and 
the darkening may continue while the fruit is being graded and 
j)laced in the can. 

The work reported herein was undertaken in the hoj^e that informa¬ 
tion might be obtained on the oxidase and catalase activity of Bartlett 
pears tJiat would be of value in reducing the wide variations in color 
in the canned fruit. Tlie investigations were made at Wenatchee, 
AVash., during the 1935 and 1930 seasons. 

RF.VIEW OF LITERATURE 

In the study of the physiological development and storage of 
fruits, catalase has been used more often than oxidase to indicate 
metabolic clumps; consequently the literature dealing with catalase is 
much more voluminous. However, oxidase activity probably plays 
a more important part in the discoloration of fruit during canning 
operations and is therefore of greater interest from the standpoint of 
food processing. 

Ajon (/), working with citrus fruits, reported that as the fruit 
ripened the oxidase gradually diminished from the center of the 
parenchyma outward to the periphery, finally almost, if not quite, 

‘ Iteceived for pubUcation Aiijrast 18, 1037; Issued April 1938. 
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disappouriii^. J)o Villiors (;2^) jilso n^portod a in oxidnso 

activity of the grape as the berry ripeiic<J. C^italaso increased with 
maturity but decreased slightly wfth final stages of maturation. 

Haber (7) found greater oxidase activity in ripe tomato fruits than 
in green ones; catalase activity, on the other hand, was greater in 
green mature fruits. Gustafson et al. (5) reported a slightly lower 
catalase activity in yellow-orange and orange-colored tomatoes than 
in orange-red and red ones, 

Liiers ot al. (11) found that barley increased in catalase content 
during ripening until it became yellow, after wdiich it decreased w^hile 
the resting state was attained. During storage there was no change 
in the catalase content. Noguchi (IS) reported a gradual decrease, 
without any sudden change at any time, in the catalase content of 
rice stored for 18 months. The oxidase content was unchanged. 

Neller (12) found that in apples free from break-down catalase 
tended to increase during the earlier, then to decrease during later 
periods of storage, corresponding to the youth and senescence of the 
fruit. Harding (8) found that under cold-storage conditions an 
increase in catalase activity of Grimes Golden a,i)ples was a fairly 
accurate index to the approach of soggy break-down. Overholser 
(14) found that catalase decreased in Bartlett pears as maturity ad¬ 
vanced and that ^^the effect of the storage temi>erature upon catalase 
activity depended upon the duration of the storage period, wliicli 
varied with the temperature.’^ Storage at 0° C. for G months resulted 
in greater activity in four varieties of pears. Reed (IS) reported no 
catalase in green pineapples, some in hard yellow ones, and more in 
fully ripe ones. 

In studies of the effect of maturity and storage on the oxidase and 
catalase activity of applet, Hinton (10) found that oxidase activity 
decreased during ripening on the tree, and markedly but slowly during 
storage. Catalase increased during storage, but in some cases 
decreased during the later stages. The rate of increase w^as highest 
during the early part of storage and fell more or less rapidly during 
the storage period. The later the date (j£ picking the higher w as tlie 
early rate of increase and the steeper ""the subseciuent fall. With 
fruit picked at three stages of maturity the catalase activity was 
lowest in the middle picking. Hinton thought that this was probably 
due to low^er temperatures prevailing prior to the second picking. 

METHODS OF PROCEDURE 

None of the fruit used in the present tests was canned. In order 
to make it possible to correlate oxidase and catalase activity with the 
previously observed behavior of the canned product, maturity and 
handling of the various lots of pears were similar to those reported in 
a previous paper (5). The oxidase activity was deteiTuined iodo- 
metrically as described by Guthrie (6) and is reported as cubic centi¬ 
meters of N/lOO sodium thiosulphate per 10 cc of juice, except as noted 
in the text. Catalase activity was determined by a water-displace¬ 
ment method similar to that described by Heinicke (9) and is reported 
as cubic centimeters of oxygen liberated in 5 minutes by 1 cc 01 juice. 
All enzyme determinations were made on the unripened fruit. Pre¬ 
liminary determinations made on the unripened fruit in storage at 
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32^ F. and at daily intervals during ripening at 65® showed that the 
enzyme activity varied with the degree of ripeness. At the optimum 
stage for canning, oxidase activity was slightly greater than during 
storage at 32®, while catalase activity, wliich often increased at first, 
had fallen below that of the unripened fruit. In order to insure 
uniformity of sampling, unripened fruit was used. The methods of 
procedure have been described in detail by the authors in another 
paper (4). 

EXPERIMENTAL DATA 


EFFECT OF MATURITY ON ENZYME ACTIVITY 

Bartlett pears were harvested at three stages of maturity, from 
tliree localities, and stored imme<liately at 32® F. Samples from each 



21 20 19 18 17 16 15 14 13 12 II 

PRESSURE (POUNDS) 


Fiouke 1 . ‘Correlation between oxidase activity and matunty of nine lots of recently harvested Bartlett 
Iiears A, Oxidase activity and pressure test of fruit from the three orchards arranped according to de¬ 
creasing pressure; li, oxidase activity plotted against pressure test of fruit from individual orchards. 

of the three localities were taken on the same dates, but owing to 
differences in elevation and soil conditions, the stages of maturity 
were not comparable. 0.xidase and catalase determinations were 
made at harvest and at intervals during storage. 

A very strong positive correlation was founa between maturity, 
measurea by the pressure test, and oxida.se activity, as is shown in 
figure 1. I'he pressure readings of the fruit during harvest ra^ed 
from 20.3 to 13.2 pounds, a drop of 35 percent, while the oxidase 
activity ranged from 32.8 to 7.9 cc of sodium thiosulphate, a drop of 
76 percent. 

No correlation was evident between degree of maturity, as measured 
by the pressure test, and catalase activity when the nine lots were 
arranged according to decreasing pressure. However, as shown in 
figure 2, when the lots were arranged by orchards the catalase activity 
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was low at the second picking and higher at the first and third pickings 
for two orchards. In the third orchard, in which the pressure reading 
was down to 16.5 pounds at the first picking, the catalase was low and 
continued to increase in the later pickings, which is in agreement with 
the hypothesis that catalase probably decreases as maturity advances, 
up to a definite stage, and then increases. 


orchard location and enzyme activity 


The orchards from which the peai*s used in the maturity studios 
were taken represent different growing conditions. Orchard F is a 
sandy loam, and fruit grown on this type of soil matures earlier than 
fruit grown on the type represented by orchard V, a medium-heavy 
loam more nearly typical of Wenatchee Valley orchards. Orchard B 
is also a medium-heavy loam but is situated at an ekwation approxi¬ 
mating 2,400 feet, whereas the elevation of the other two orchards is 
only 850 feet. 

While the pears from the three orchards were not exactly compa¬ 
rable in maturity, there appear to be greater differences in enzyme 
activity than would be expected from maturity differences alone. 

P^or each pound drop 
in pressure there was 
an average drop in 
oxidase activity of 2.7 
cc, 3.0 cc, and 3.8 ec 
in orchards P\ V, and 
B, respectively, the 
greatest drop being in 
the least mature fruit. 
If the third picking of 
orchard B is compa red 
with the first picking 
of orchard F and with the second picking of orchard V, at 16.7, 16.5, 
and 15.8 pounds, respectively—the three pickings most nearly compa¬ 
rable in maturity as measured by tlie pressure test—a difference will be 
noted of 0.85 cc of sodium thiosulphate ih^oxidase activity for each 0,1 
pound difference in pressure between orchards B and ¥, 0.64 cc between 
orchards F and V, and 0.69 cc between orchards B and V. These 
values appear to be significantly higher than a corresponding differ¬ 
ence in pressure would indicate in the individual orchards, wdiere a 
maximum difference of 0.38 cc is note^ for a similar drop in pressure. 
It thus appears that orchard differences would probably militate 
against setting an arbitrary oxidase figure for maturity (fig. 1, 71). 
Seasonal conditions may also be a factor. 



P'louRK 2.-~EfTecl of nmturity on catalase activit:^ of Hartlett pears 
from dlfTerent orchards. 


effect of storage on enzyme activity 


Bartlett pears from three orchards, harvested at tliree stages of 
maturity from each, were stored at 32° F. immediately after harvest. 
In table 1 are given the results of oxidase and catalase determinations 
at harvest and at intervals during storage. One lot, the first picking 
of orchard V, fluctuated irregularly throughout the storage perioa. 
This irregularity may have been due to spray materials on the fruit at 
harvest. With this exception, the oxidase and catalase activity were 
usually greajter after storage than at harvest. 
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• FIRST Picking at20 3 pounds pressure 

-—•SECOND PICKING AT IS 3 POUNDS PRESSUREI 
-••THIRD PICKING AT 16 7 POUNDS PRESSURE) 


The effect of innriat-urity of fruit at harv<»st on its oxidase activity 
was magnified by holding tlic fruit in cold storage. This is shown 
graphically in figure 3, in which B (above) and V (below) represent 
fruit grown at elevations of about 2,400 and 8^)0 feet, lespeeth ely. 
Fruit from orchard B was 
less mature than that 
picked on the same date 
from orchard V, and the 
oxidase increased more in 
storage. Also, the less 
mature fruit from orchard 
B showed a greater in¬ 
crease than the more ma¬ 
ture fruit from the same 
orchard. It is significant 
that fniit haiwested wuth 
a pressure test of 17 to 15 
pounds (the pressure pre¬ 
viously recommended for 
harvesting petirs for can¬ 
ning), or below, showed 
comparatively little in¬ 
crease in oxidase activity 
during storage at 32® 

'Fhc jjjreater oxidase activ¬ 
ity in the early-picke<l 
fruit, especially after cold 
storage, accounts for the 
darker color observed in 
immature fruit when can¬ 
ned, and gives a basis for recommendations against holding immature 
Bartlett peam for long periods before canning. Catalase activity 
during storage was less closely associated with maturity at harvest 
than was oxidase activity. 




• — ■» . - Flf^T PICKING AT 18.4 POUNDS PRESSURE 

•—-•.—^ SECOND PICKING AT 15^ POUNDS PRESSURE 
•THIRD PICKING AT 13.!-- 



0 20 40 60 80 100120 140 160180 200 
DATS STORAGE AT 32^* F 


240 280 


Fiolre 3 ' KlTocl of maturity on oxidase and catalase aciivitj 
of Bartlett iiears at harxest ami daring storage Orchard B 
at anelexauon of about 2>400 feet, orchaid \ at an elevation 
of About br»U feet 


Tablk 1." Oxidasi- and catalase activity of Bartlett pears as influenced by maturity 

and storage 


Orchard 

! , 

lores’ 

[ sure 

! 1 

1 oxidaseaetivity Jafterindicatednuin- ' 
her of days at 32® F. j 

Catala-seactis ity ^afier indicated linin' 
her of days nt 32® F. 


1 ^ - 

0 

32 

57 ! 

1 i 


189 1 

0 i 

: 32 

1 ! 

Sfi 

j 135 

! 189 

i 


I Pounds 

Cc 

Cc 

Cc 

Cc 

CC j 

CC 

CC 

Cc 

i Cc 

i CC 

! 

i Cc 



f 20.3 

32 8 

83.5 

103,0 1 

109.0 ! 

95 0 ; 

141,0 

13. 5 

19 5 

'Ai 8 

33. fi 

44. 4 

' 31 1 

B. 


19.3 

21.8 

50 5 

47.0 ! 

50.0 

57.0 I 

41?.6 

10.8 

22.0 

25 8 

24 4 

i 32-6 

1 23 9 



[ 1(1.7 

19.1 

18.5 i 

28 5 i 



52 0 1 

17 4 

Zi 0 

28 7 


1 

24 2 



1 18.4 

23.7 

14 2 

28 0 j 

18.5 

24.6 

10 0 ; 

14.3 

18 8 

17 3 

24 2 

i 13 9 , 

27. 1 

V. 


15 8 

12 0 

19,6 

18.0 

20 .0 j 

18.5 

Xi 5 

10 3 

18 3 

20.2 

21.fi 

( 26 0 : 

19 4 



[ 13.2 

7.9 

13.0 

11 5 


( 

7.0 

17.1 

27.0 

33.0 



28.0 



1 18. 5 1 

17.4 

29.0 

33 5 

3i.5 

40. 0 i 

57.0 

4.7 I 

9.1 I 

12 0 

'152' 

23.3' 

13 3 

F. 


14.7 

11.8 

17,5 

15 0 

18.0 1 

25.0 j 

20.0 

8 3 { 

10.0 1 

11 0 

14 5 1 

11) 8 

9 1 



1 13.8 

9 5 

26.5 

14 5 

19.0 

11 0 { 

14 2 ! 

I9.fi 



i Ifi 0 

— - . 

1 ____ _ 1 





1 





r”. "j 




' Pounds prejisure at harvest. 

3 N/lOO sodium thiosulphate per 10 cc ofjuioe. 

» Oxygen liberated in 5 minutes by 1 cc of juice. 

ENZYME ACTIVITY DURING THE GROWING SEASON 

In 1936 the maturity studies were expanded to include a wider 
range of maturity and were limited to one orchard. Pear fruits were 








342 


Journal of Agricultural Research 


Vol. 56, No. 6 


harvested from the tree in orchard V that was used in 1935. Fruit 
for enzyme studies was picked June 11 and at intervals thereafter 
until September 9, when the pressure test was 11.6 pounds. During 
this time the average weight per fruit increased from 19.1 g to 270.5 g. 
The oxidase activity of the very immature fruit was so great that it 
became necessary to reduce the amount of juice to 1 cc for each deter¬ 
mination. Otherwise the procedure was the same as in the preceding 
year. Samples for enzyme determinations were taken immediately 
after the fruit was harvested. 

Table 2. —Oxidase and catalase activity and rate of growth of Bartlett pears durmg 
the growing season in 1936 


Date 

sampled 

Weight 

per 

fruit 

Pres¬ 

sure 

test 

Oxidase 
(N/lOO 
sodium 
thiosul¬ 
phate per 
1 cc of 
juice) 

1 

Catalase 
(Oa liber¬ 
ated in 

5 minutes 
per 1 cc of 
juice) 

Date 

sampled 

i 

1 


Grams 

Pounds 

Cc 

Cc 


June 11_ 

19 1 


24 0 

24 0 

Aug. 14_ 

June 24 .... 

33.7 


13.6 

17,4 

Aug 27-. 

July 21. 

93.6 


6 2 

9 8 

Sept- 9_ 

Aug. 4. 

151.0 1 


4 2 

9.9 

1 


Weight 

per 

fruit ! 

Pres¬ 

sure 

tost 

Oxidase 
(N/lOO 
sodium 
thiosul¬ 
phate per 
1 cc of 
juic*e) 

Catalase 
(C)j lli)€r- 
ated in 

5 minutes 
per 1 cc of 
juice) 

Grams 

Pound<! 

(V 

Cc 

173 8 

17.9 

3.2 

9 0 

230 6 

15.4 

2 5 

12 0 

270 6 

11.6 

1.5 

21.0 


The effect of maturity on enzyme activity is shown in table 2 and 
figure 4, Oxidase activity declined very rapidty during the early 
^ ‘ part of the season and decreased 

S more slowly as the fruit ap¬ 

proached maturity. (yataJase ac¬ 
tivity decreased until a pressure 
test of 17.9 pounds was reached, 
and then increased until the activ¬ 
ity at the close of the experiment 
.approximated that of the first 
sampling. 

In the discussion of orchard 
location and enzyme activity it 
was pointed out that orchard 
differences would probably mili¬ 
tate against setting an arbitrary 
oxidase figure as an index of 
maturity. In this connection it 
is of interest to compare the 
oxidase activity of the fruit from 
orchard V for the 2 years. Fruit 
taken from the same tree during 
1935 and 1936, at pressure tests 
of 15.8 and 15.4 pounds, gave 
oxidase readings of 12.9 cc and 
11.0 cc, respectively. The fruit 
was picked on August 26 in 1935 and on August 27 in 1936. The oxidase 
readmgs and the pressure tests indicate that the two seasons were 
comparable. However, if the length of time from full bloom 
to harvest taken as the index of matunty, the 1936 fruit, which was 
picked l22f ditys after full bloom, should have remained on the tree 



activity and size of Bartlett pears daring the growing 
season. 
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(i days longer in order to roaeli the 128 days allowed the fruit in 1935. 
Tlie oxidase activity would then have been less, and the difference 
in activity between the 2 years greater. While the difference in oxi¬ 
dase activity between the 2 years as given above may not be partic¬ 
ularly significant, it appears unlikely that seasonal, orchard, and 
growing conditions will permit arbitrary oxidase limits to be set that 
will be applicable as a general index of the maturity at wdiich Bartlett 
pears should be harvested. 

The catalase activity on August 20, 1935, and August 27, 1930, 
was 10.3 cc and 12.0 <‘c, respectively. The former was the lowest 
reading recorded for tlie year 1935. Since samples were taken 12 
days before and 17 days after the August 20 sampling, it may not be 
the absolute minimum for the year. In 1930 a minimum of 9.0 cc 
was recorded on August 14, and at time of sampling, on tlie 27th, the 
activity was increasing. 

DISCUSSION 

The decrease in oxidase activity in Bartlett pears as tlie fruit ap¬ 
proached maturity is in agreement with the observed behavior of 
pears used for canning. Previously it was reported (S) that immature 

f )eai;s wdien canned gave a product grading toward a pale orange yel- 
ow in contrast to the clear ci'cam yellow oi more mature fruit. When 
the immature fruit wavS held in cold storage for long periods before 
ripening, the undesirable color increased. Practices that gave a 
dark, undesinible color in the canned product also gave increased 
oxidase activity, and practices that reduced darkening reduced oxidase 
activity. AVhere initial activity was lowr, it remained so during stor¬ 
age; but if the activity w as high at the beginning of storage, it increased 
later so tliat differences in maturity were exaggerated by cold storage. 
The decrease in oxidase activity as the fruit approached maturity 
is in accord with the finding of Ajon (/) with citrus fruits, of I)e 
Villiers (2) with grapes, and of Hinton (10) w ith apples. 

Catalase activity also w as high in immature pears and decreased as 
the fruit approaclied harvest maturity. However, if the fruit was 
permitted to remain on the tree past the commercial harvest season 
catalase activity increased until the fruit was tree ripe, at w’^hich time 
the activity approximated that observed earlier in the season. Fruit 
picked at intervals representing early, medium, and late commercial 
maturity gave lower catalase activity at the second picking. These 
results were duplicated in different Wiiards and in different years, 
definitely indicating that the nonnal catalase curve of growing pear 
fruits is a U-shaped curve and that if the period of sampling wwe length¬ 
ened the extremities of the curve would presumably be extended. 

The point of minimum activity of catalase varied in intensity and 
in relation to pressure test. This may be seen in figui’e 2, in which is 
shown the minimum for different orchards. Orchards B and V 
approached nearly the same minimum but reached it at different 
pressure tests. In orchard F the minimum was much low^er. The 
minimum activity recorded for orchard V for the 2 years was 10.3 cc 
and 9.0 cc, respectively. If samples had been taken at shorter inter¬ 
vals a closer agreement between the minimum activity for the 2 years 
might possibly have been recorded. 

While catalase activity does not appear to be correlated with color 
in the canned product it may be indirectly related to quality, since 
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the low point in the ciitalasc curve occurs near the sta^e at wJiich the 
fruit should bo ])icked for canning? in order to secure best results. 

The low point in the catalase curve may also indicate a critical 
stage in the metabolism of the fruit, since it coinciilcs with the period 
of minimum respiratory intensity (4) and also with the pressure test 
usually recommended in the Wenatchee district fort he harvesting 
of Bartlett pears for best dessert and storage quality. 

These results with pears lead the writers to suspect that the catalase 
curve of apples may also be a U-shaped curve and that the low results 
reported by llinton (10) in his middle picking of apples may have 
been due to this characteristic of the catalase activity rather than to 
the cold weather to wdiich he ascribed his results. 

That the low points in the catalase curves in the present work are 
not due to low temperatures just before harvest may be seen from an 
examination of figure 2, which shows that fruit from different orcliards, 
exi>osed to similar temperatures, reached the minimum in catalase 
activity at different times. Furthermore, in figure 4 the mean tem¬ 
peratures for the 7 weeks preceding harvest w^ere 62®, 69®, 76®, 76®, 
76°, 66®, and 70® F., respectively. Any correlation that might be 
found in this case between temperature and catalase activity of the 
fruit while still on the tree would evidently be a negative one. 

It is not particularly surprising that the catalase curve should be 
U-shaped. Overholser ( 14 ) reported that immatiire Bartlett ])ears 
were high in catalase, which decreased as maturity advanced. His 
results indicated a continuous decrease. Howev(‘r, a study of his data 
permits some interesting comparisons to be macle. Since it is not 
known how mature his fruits were at the time of final sampling, it may 
be possible that he discontinued sampling before the rise in catalase 
})egan. This hypothesis is supported by the fact that on May 28 the 
average w^eight of his pears was 15.2 g; on June 11 the average w^eight 
of the authors’ pears was 19.1 g. Assuming that the rate of growth 
before the first sampling was approximately equal in tlie two cases, 
then the season of his study was about 2 weeks earlier than the season 
in which this study W'as made. If this js true, he discontinued sam¬ 
pling approximately 110 days after full bloom. The minimum activity 
recorded in the present study was 109 days after full bloom. If the 
number of days from full bloom be taken as the measure of maturity, 
he discontinued sampling at the stage of maturity at which the least 
activity was found in the work covered by this paper, and his results 
might be said to agree with those presented here. His report of 8.() cc 
and 8.4 cc of oxygen liberated on July 27 and August 4, respectively, 
would indicate the low points in the catalase curve had been reached. 
Overholser mentioned that liis results did not agree with Reed’s find¬ 
ings of increase of catal^iso activity with ripening in the case of pine¬ 
apples, when green, hard yellow, and fully ripe fruits were used. 

When Bartlett pears are permitted to remain on the tree until 
tree-ripe, there is a tendency for the flesh to break down at the core. 
Harding (8) and Neller (1^) have reported increased catalase activit;j^ 
of apples in storage as they approach the break-down stage. It is 
possiole that the accumulation of acetaldehyde and alcohol which 
takes place as fruit apjiroaches the break-nown stage stimulates 
catalase production, causing the rise in activity. This viewpoint is 
strength^e^ by the increase in catalase activity of fruit subjected to 
alcohol vapers (4). 
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SUMMARY 

The effect of maturity and handling practices on the oxidase and 
(‘atalase activity of Bartlett pears has been studied in relation to the 
observed behavior of pears used for canning. 

Oxidase activity decreased throughout the growing season. 

The catalase a<*tivity of Bartlett pears from the time they were very 
small until they wore tree-ripe formed a U-shaped curve. Tlie mini¬ 
mum activity occurred near the period at which tlie fruit should be 
liarvested for canning. 

High oxidase activity is correlated witli practices that give an unde¬ 
sirable color in canned pears, and low oxidase activity is correlated with 
practices that give a, desirable color. It therefore appears that high 
oxidase activity may be the principal cause of poor color in the canned 
product. 

Catalase activity apparently is unrelated to color development in 
canned Bartlett jiears but may be related indirectly to quality since 
best results arc* obtained with fruit picked when the low ])oint in the 
catalase curve is reached or soon thereafter. 
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A COMPARATIVE STUDY OF AN EARLY, A MEDIUM, AND 
A LATE STRAIN OF TIMOTHY HARVESTED AT VARIOUS 
STAGES OF DEVELOPMENT > 

By Morgan W. Evans, associate agronomist^ Division of Forage Crops and Dis¬ 
eases, Bureau of Plant Industry, United States Department of Agriculture, and 
Lloyd E. Thatcher, associate in agronomy, Ohio Agricultural Experiment 
Station 

INTRODUCTION 

In Ohio, timothy and timothy mixtnroi^ make up the largest per¬ 
centages of the hay crop. In 1934, 25,5 percent of the hay acreage 
harvested was timothy, and 37.4 percent was time thy-clover mixture.^ 
At the Missonri Agriciiltiiral Experiment Station it was found that 
the palatability of timothy fed to steers was greater when the crop w as 
cut early than when it was cut nearly mature (f 0),^ the order of pref¬ 
erence shown by the steers fur the hay being the same as the order in 
which the timothy was cut. 

At the Ohio Agricultural Experiment Station (7) it w^as found that 
the amounts of both vitamin li and vitamin G are positively corre¬ 
lated with leafiness, greenness, and the protein content of alfalfa, 
clover, and timothy plants, and that these vitamins decrease as the 
season advances. 

In an experiment conducted wdth sheep at the Ohio station (^, p. 
17.9) it was found that — 

tlu* time at uhioh timothy was cut for hay had a dcfmite influence on its value 
for vsheep feeding. Timothy cut when not more than one-third of the heads were 
in lilossom was fully one-third better than timothy cut after the blossoms had 
fallen and as the seed was ripening. From a practical standpoint, the early cut 
tiiiuithy was a usable roughage whereas the late cut * * * was decidedly 

inferior. 

With feW' exceptions, time-of-harvesting and feeding experiments 
have been carried on wdth ordinary unimproved timothy {Phlevin 
prate?}se L,). The development of improved varieties or strains at 
the Timothy Breeding Station at North Ridge\dlle, Ohio (3),^ and at 
other agricidtural experiment stations in the United States and else¬ 
where, and their probable distribution to fanners, made it desirable 
to compare certain ones, especially early and late strains, with ordi¬ 
nary timothy in a time-of-harvesting experiment. The residts of 
such an experiment are reported in this paper. 

MATERIALS AND METHODS 

STRAINS USED 

The timothy strains used |in this e?^erinient w-ere F. C. 11901,^ a 
medium early maturing selection; F. 12368, a late-maturing selec- 

‘ Received for publicatioti June 1, l»37; issued April Contribution from the Division of Forage 

< rops and Diseases, U, S. Deiiartnient of Agnoulture, cooperating with the Department of Agronomy, 
Ohio Agricultural Experiment Station. 

* The authors are iiidlebte<l to Dr. J. 1. Falconer, chairman of the Department of Rural Economics, Ohio 
State Univ»ersity, for these data. 

^ Reference is made by number (italic) to Literature Cited, p. 363, 

< The Division of Forage Crops and Diseases; Bureau of Plant Industry, U. S. Det^tment of Agriculture, 
and the Ohio Agricultural Experiment Station coofierating. 

• Accession number of the Division of Forage Crops and l>iset\se$. If introduced into pro<luctlon, F. 'T'. 
1 IttOl will be known as Marietta timothy. 
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tion; and the ordinary unimproved timothy grown in this country 
and designated herein as medium timothy. The selections were de¬ 
veloped by the senior author at the Timothy Breeding Station where 
the time-of-harvesting experiment was made. 

At North RidgevilJe in northern Ohio, medium timothy is usually 
in full bloom from about June 22 to July 1. The early strain is 
about 4 days earlier and the late strain about 7 days later than 
medium timothy. 

PLOT TECHNIQUE 

The land was plowed in the summer of 1930, and late in August an 
application of 180 pounds per acre each of nitrate of soda and IG-per- 
cent superphosphate was applied to the seedbed. On September 18, 
plots of the three strains of timothy were sown at the rate of 5 pounds 
of seed per acre with a nurse crop of rye. Medium red clover, at the 
rate of 10 pounds per acre, was sown on all plots the following spring. 
The rye was harvested for grain in 1931. The individual plots from 
which hay was harvested were 49.5 by 5 feet. There were 24 plots of 
each of the three strains of timothy, <|uadruplicate plots being har¬ 
vested at each of six harvest periods. 

The six harvests were made during a period of 35 to 38 days, the 
first one being made when medium timothy was jiartly headed and the 
last one when its seed was mature. The six periods have been desig¬ 
nated by the letters A to F, respective^. The actual dates of harv est, 
together with the condition of the timothy, are shown in table 1. All 
harvests w’ere made according to this schedule except tlie aftermath of 
1932, which was harvested on August 31. 

Table 1. —Date of harvesting and condiinm of each strain^ 

('Fimt' 0 /harvest was determined by the condition of onlmary timotbyj 


Condition of indicated strain of timothy 


F, C. 1190i (early) Ordinary (medium,) F C. 12a«S (late) 

% 

Headed.- Partly headed _ No heads 

Full bloom..Fully headed. Few heads. 

.do. Early bloom,, Nearly headed. 

Fa.st bloom.. Just past full bloom,. Full bloom. 

f)0 percent heads be- Seed beginning to mu- Just past full bloom, 
coming straw color. tnre,» 

Mature... Seed fnaturc « . 60 iierccnt heads be¬ 

coming straw color. 

Nearly hoa<led. Partly headed. ,.. No heads 

Early bloom. Fully headed.. Few heads. 

Full bloom. Early bloom. 20 percent heads 

emerged, 

Pajst bloom.. .. Just past full bloom... Early bloom. 

85 pere«nt heads l>e- Seed beginning to ma* Past bloom, 
coming straw color. ture,* 

M ature. Seed maturo * . 80 jicrcent heads straw 

* color. 

Very early bloom. Partly headed..^. No beads 

Early bloom. Fully headed. Few heads. 

Full bloom. Early bloom. Nearly headed. 

Past bloom. Just pa.st full bloom... Early bloom. 

90 fierctuit heads Iw- Seed beginning to nia- Past full bloom, 
coming straw color. Hire * 

Mature. Reed mature * . 25 permit heads straw 

color. 


1 The crofi of aftermath obtoined in 1982 was harvested on Aug. 31. 

* About 10 percent of the earlie.st heads lieginnmg to turn straw color, 

3 At the last date of harvesting the main crop of mixed hay in 1932, most of the clover heads and a large 
pro|K>rtion of the lower leaves on the clover sU'ras were dry and brown. 

< Nearly all^hclWe straw color. 
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The percentages of timothy, clover, and weeds in the dry hay were 
determined for the 1932 and 1933 crops by sorting representative 
square-yard samples from each plot; the 1934 crop of clear timothy 
re(iuired no sorting. 


5.000 r 



A B C 0 E F 
EARLY STRAIN 
F.ailSOI 


A B C D E F 
MEDIUM STRAIN 
ORDINARY TIMOTHY 


A B C D E F 
LATE STRAIN 
F.C. 12368 


FiouKE l.“ mills of tiinothy and of olover, in tho mam crop and the aft^rinatli, and Urn total in hoth crops 
harvested In 1932, Lelters at Iwltom indicate har^estiuR periods shown m table 1. 


The protein (nitrogen X 6.25) content of the hay as harvested and 
as sorted was determined by the Department of Agronomy of the 
Ohio Agricultural Experiment Station. 

00T71—as—3 
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On May 10, 1934 (the third harvest season), 150 pounds per acre 
each of sulphate of ammonia and 20-percent superphosphate were 
applied as a top dressing on the timothy. 

INTERPRETING THE DATA 

The data obtained consisted of the yields of hay, the proportions of 
timothy and clover in the mixed hay, the percentages and yields of 
protein, and the color analyses and grades of hay. In interpreting 
those data, the following facts should be borne in mind: 

(1) Because of the differences in their response to days of various 
lengths early, medium, and late timothy growing in different 



ABCDEF ABCDEF ABCDEF 
EARLY STRAIN MEDIUM STRAIN LATE STRAIN 

F.CII90I ORDINARY TIMOTHY F.C, 12368 


HE 2.'' VieUls of liniothy and Hover liay in iy;«, and pf miu)th> in 

latitudes (5) vaiy in relative dates of heading and of blooming and 
period of development, and caution should be used in predicting the 
probable results to be expected at locations north or south of North 
Ridgeville.® Experiments so far conducted indicate that in general 
early varieties of timothy are well adapted to both southern and 
northern latitudes within the range where timothy is grown, wdiereas 
late varieties are adapted to northern latitudes only. 

(2) The tfiree strains of timothy were grown in mixture with medimn 
red clover {Trifolium vratense L.). There is no assurance that yields 
comparable to those obtained could have been expected had the clover 
been omitted. Nilsson-Leissner (^), in Swetlen, found that the 
growth response of any variety of timothy grown in mixture with 
clover may be entirely different from that of the same variety grown 
alone. However, the yields of the timothy fractions of the hay may 
give some indication, at least, of what may be expected in the absence 
of a companion crop of clover. 

• North Ri4feFV!||lo is locatM at lat. N. 
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(3) The amount and distribution of the rainfall during the spring 
and early summer have an influence upon the yields of timothy. The 
yield in 1934 was undoubtedly reduced by the abnonnally dry weather 
during May and the first half of June. Table 2 shows the records of 
precipitation at the Cleveland, Ohio, station of the Weather Bureau, 
United States Department of Agriculture, which is located about 20 
miles east of the Timothy Breeding Station at North Ridgevillc and 
at approximately the same elevation. 
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FiuitRK 3 - Total yielils of hay and yields of protein produced by the timothy and by the clover in 3 years. 


T.\blk 2 .—Monthly and annual precipitation at the United States Weather Bureau 
station at Clevelandf Ohio 
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1933. 

1.40 

1.99 

3.51 
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.39 
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i 24.17 

1934.,. 

1.58 
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2.43 

.58 

12.26 
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2.46 
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.99 

1.40 

1 84 

I 21.81 

Mean. 1871 to 1935. 1 

2.54 

2.38 

2.75 

2.47 

3.00 

3.16 

3.45 

2.90 

3.21 

2.70 

2.57 

?,40 

1 33.53 


^ In June 3984, 97.4 percent of the rainfall occurred on and after June 18. 
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YIELDS OF HAY 

The yields of hay are recorded in table 3 and illustrated graphically 
in figures 1, 2, and 3. The first season^s crop of 1932 consisted of a 
main crop, of mixed timothy and clover, and an aftermath, mostly 
clov€u\ The following year,* 1933, tlie main crop of mixed hay con¬ 
tained only a small amount of clover, and the third year's crop was 
clear timothy. 

In the main crop of mixed hay, exce])t the plots of early timothy in 
1932, the yields of tlie clover fraction were less for the last two harvest 
])eriods than for the (»,arlier ones. This loss may have been due to the 



Fi<a;i{E 4 Plots of timothy and clover mixture Right, early timothy (F. C, 11901) in early bloom. Ijeit 
lute timothy (F. C\ 1230H) only fmrtly headed Phototrraphed June l(>, 1932. 


shattering of the leaves and other parts of the clover plants as the}" 
approached maturity (//). 

The time of harvCwSting the main crop had a very marked eflect 
upon the yields of the aftermath harvested August 31, the yields 
falling off most rapidlv when the main crop was haiwested after the 

period (June 22). If the aftermath is included in the total yields 
of hay for the season, the advantage of early haiwesting is evident, as 
shown in figure 1. 

In 1933 (fig. 2), as in the main crop of 1932, the yields increased as 
harvesting took place later. Since in 1933 the crop consisted largely 
of timothy, late harvesting gave larger increases in yield than in 1932. 

In 1934 (fig. 2) the effect of time of harvest on yield was less marked 
than in 1932 and 1933. The drv weather during May and June 
limited the growth in all plots. The early timothy suffered less from 
the drought than did the late timothy. Apparently the relatively 
early growth of the cuhns and the earlier heading and blooming of the 
early timothy enabled it to more nearly complete a normal growth 
before soil moisture became too much of a limiting factor. Had the 
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rainfall beoii normal it is prohublo tlic lute timoiliy would have made 
higher yields at the D, E, and F periods of harvest. Later harvesting 
resulted in higher yields in all three timothy strains when the aftermath 
in 1932 was deducted from the total yields for 3 years (table 3). 

The total yields of hay for the three seasons—aftermath included— 
are shown in figure 3. The early timothy produced more hay than 
either the medium or the late timothy, especially at the early periods 
of harvest. The total yields produced by the early strain for all 3 



Figure 5.-* Right, late timothy (F. C. 12368), maximum height 27 inches. LeR, medium timothy (<»rdi* 
nary), maximum height 36 inches. Photographed June 21, 1933. 


years, at comparable periods of harv'est, were about 700 to nearly 
1,200 pounds per acre greater tlian« those produoed by ordinaiy 
timothy. 

Table 3 shows that in the first four periods of harvest of the main 
crop in 1932 there was an average of 487 pounds more clover per acre 
with the late than with the early timothy, and 497 pounds more with 
the late than with the ordinary tunothy. This n>ay be attributed to 
the relatively slow growth of the late timothy. Since clover adds to 
the feeding value of the mixed hay this may be a point in favor of late 
timothy (figs. 4 and 5). 

PROPORTIONS OP DIFFERENT CONSTITUENTS IN THE HAY 

Table 4 shows that in the first or main crop harvested in 1932, at all 
but the last two harvest periods, there was a larger percentage of 
clover in the late selection than in either the early selection or the medi¬ 
um timothy, which were not greatly different. Delaying the harvest 
of the ordina^ and late timothy tended to decrease the percentage of 
clover in the first crop, but this is not apparent for the early timothy, 
possibly because of some error. 
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In tlio second crop, or aftorjnatli, harvested in 1932, and also in 
the crop of 1933, the differences in tlie percentage of tiinotliy and 
clover for the different varieties show no consistent trends. 

PROTBUN C0NTB:NT OF THB] HAY 

The percentage of protein in the hay, and consequently its feeding 
value, was markedly intluenced by the time of liarvcst. 

The percentage of protein in the mixed ha^^, and also in the timothy 
and clover fractions, in the main crop of 1932 and in the crop of 1933, 
together with the percentages of protein in the timothy harvested 
in 1934, are presented in table 5 and are shown graphically in figures 
G to 10. The calculated yields of protein per acre are also presented 
in table 5 and are sh<>wn graphically in figures 3 and 11. 



,P«UCENTAGE OF PROTEIN 

In both the timothy and the clover, the percentages of protein in 
all of the main crops were highest in the hay harvested at the earliest 
dates and gradually <iecreascd, with minor exceptions in occasional 
samples, up to tlie time of latest harvest. 

Ill each season, the percentage of protein in the mixed hay, in the 
timothy fraction of the mixed hay, and in the timothy alone, at any 
harvest period, differed but little for the early and medium timothy. 
This may be attributed to the tendency of the leaves on the stems of 
F. C. llOOhto remain almost as green as those of ordinary timothy (ff) 
at compartiWe periods of harvest. 





PROTEIN (percent) ^ PROTEIN (PERCENT) 
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DATES HARVESTED 

'Ka’itK 7.—l*er(*entages of jirolt*!!! in the timothy and clover fractions of the main crop in 1932. 



DATES HARVESTED 


FiaDKit g.—Percentages o( protein in the 1933 orop of mixed hay. 









PROTEIN (PERCENT) PROTEIN (PERCENT) 
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DATES HARVESTED 


0 ' rerceriUges of prot<*m m the timothy and r!ove: fractions in 1933. 



JUNE JUNE JUNE JUNE JULY JULY 

II 14 19 28 9 16 


DATES HARVESTED 

FiatJRE 10.—Percentages of protein In the 1934 crop of timothy. 
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At all tiinrs, with minor excoplioiis, tho late timothy, alone or in 
the mixed hay, contained a higher f)erccntag(^ of protein than the 
hay produced by the early or medium strains of timothy. The rela¬ 
tively high percentage of protein in the late timothy and clover 
mixture may be attribut:*d in part to the larger proportion of clover 
which it contained, iis well as to the fact that the percentage of protein 
w^as higher in its timothy fraction than in that of the early or medium 
timothy mixtures. 



ESa timothy clover CZD aftermath 



ABCDEF ABCDEF ABCDEF 
EARLY STRAIN MEDIUM STRAIN LATE STRAIN 


F.C.M90I ORDINARY TIMOTHY F.C. 12368 

Figukk 11.— Yields of protein i>8r acre, produowl by timothy ami by clover, in 1932, 1933, and 1934. 

The percentages of protein were higher in the timothy harvested in 
1934 than in the timothy fractions in either 1932 or 1933, even though 
in both of these years the timothy was growing in mixture ■with clover. 
A grass grown m mixture with a legume usually contains a greater 
proportion of protein than one that is grown alone (8,12). The appli¬ 
cation of sulphate of ammonia mode in the spring of 1934 may explain 
in part the relatively high percentj^es of protein in the timothy in 
that season {IS). A second contributing factor was probably' the 
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unusually dry season of 1934, preceded by a season with rainfall 25 
percent below normal. In years of low rainfall there is likely to be 
an accumulation of nitrate nitrogen in the soil (/). An abundance 
of nitrate nitrogen in the soil would tend to increase the protein 
content of the timothy, especially if the growth subsequent to nitrogen 
assimilation is limited. 

In the aftermath produced in 1932 and harvested on August 31, 
there was a gradual increase in the percentage of protein as the time 
of harvesting the main crop became later. This was to be expected, 
since the aftermath growth was relatively younger as the date of 
harvest for the main (?rop was advanced. 

YIELD OF PROTEIN 

The yields of protein attained a maximum at the A period of harvest 
in the first crop in 1932 and at the A, B, or period in the crops of 
1933 and 1934, but at the D, E, and F periods, even with greater 
yields of hay, the amount of protein became less (figs. 3 and 11). 

In the aftermath of 1932 the percentage of protein increased as the 
time of harvesting the first crop was delayed, but since the yield of 
hay in the aftcvrinath was smaller the later the first crop was harvested, 
the yield of protein in the aftermath was also smaller. 

Since clover contains a higher percentage of protein than does 
timothy, and since the first crop and the aftermath of the first season 
contained much clover, the yields of protein per acre for the first 
season were determined largely by the clover fraction of the hay. In 
the second seasoii’s crop the clover fractions were relatively small and 
so had little influence on the jnotein content of the hay. 

COLOR AND GRADE OF HAY 

In 1934, samples of the hay collected at each time of harvest were 
anal 3 "zed for degree of green color and were graded according to the 
Unitecl States hay standards. These records (table 6) were made by 
the Division of Hay, Feed, and Seed, Bureau of Agricultural Eleo- 
nomics, Tnited States Department of Agriculture. 


Table Color analysca and grades of haij produced by earltjy ruedunn, and late 
timothy at 6* stages of development in 1934 



StHgei ! i 

^ . harvest ' 

! 

Strain 1 

Color 
reading 
or hue ^ 

United Slates class and grade 


! 1 

IF, C. 11901. 

8 81 

U, S, No. 1 Extra Uroeii Timothy. 


.^ June 11 

^Ordinary,-.. 

9 21 

l>o. 



IF, C. mos.! 

0 27 

1)0. 

a 

j 

F. C. 11901- . -- J 

K 75 

Du. 

. . * ' June 14 

^Ordinary._‘ 

H U2 

1>(>. 


1 

If. c. izm . ; 

9 25 

T>o. 


j 

F. C. 11901. 

•(Ordinary.i 

IF. c. izm .> 

H. H4 

Du. 

c _ 


8.78 

D<i. 


9 23 

Do. 


1 

F. C. 11901.■ 

6.94 

Do. 


•^Ordinary.! 

IF. C. 123«8. 

6.00 

Do, 



7,78 

Do. 


j 

IF, C. 11901.! 

4 74 i 

l\ 8. No. 1 Timothy. 

K.... 

..j July 9 

4 Ordinary_‘ 

4 21 1 

V. 8, No. 2 Timothy. 


(F. C. 12308.f 

5.90 i 

U. S. No. 1 Timothy. 


I 

|F. 0.11991.1 

2.94 

U. S. No. 3 Timothy. 

j 

< Ordinary ..—! 

3.82 

1 U. S. No. 2 Timothy. 


IF. 0.12368.j 

4.71 

1 V. 6. No, 1 Timothy, 


‘ See table l for e.xp]anat]on of harvest periods, 

> As the percentage of green color decreases, the color reading becomes lower. Tho complete reading for 
each sample is ‘*8.81y/' **9.21y/» etc. 
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Each sample of hay was cured in a bam, where it was protected 
from sun, dew, and ram. If the hay had been cured in the field in the 
usual way, sometimes under relatively poor weather conditions, the 
ratings for color and grade, for some of the samples at least, probably 
would have been lower. 

Grades of hay are based chiefly on the mixture of plants of wliich it 
is composed and on color. Since these samples were composed of 
clear timothy, the differences in the grades may be attributed entirely 
to the differences in the proportions of green parts. 

As the season advanced and the proportions of dry brown leaves, 
stems, and heads increased, there was a gradual decrease in the color 
reading or hue of the hay. Because of the favorable conditions 
under which the samples were cured, all strains were green enough 
through June 28 to make hay classed as S. No. 1 Extra Green 
Timothy.After that the grades were lower. 

At all periods of harvest, the color reading, or hue, of the late 
strain was higher than that of either of the other two strains. At 
the A, B, and F periods of harvest, the medium strain was a little 
greener than the early strain. At the C, D, and E periods the early 
strain was slightly greener than the medium strain. This was due 
largely to the tendency of each leaf blade of the early strain to remain 
green somewhat longer than the corresponding leaf on a stern of the 
medium strain (6*). The relatively low rating of the early strain at the 
last stage of harvest was in part due to the large number of mature or 
nearly mature heads. 

SUMMARY AND CONCLUSIONS 

An early selection of tirrjothy (F. C. 11901), a late selection (F. C. 
12308), and ordinary commercial or medium timothy were grown in 
mixture with medium red clover and harvested at six periods, repre¬ 
senting different stages of maturity, for a 3-year period. A main 
crop and an aftermath of mixed timothy and clover were harvested in 
1932; one crop, composed chiefly of timothy, in 1933; and a crop of 
clear timothy in 1934. 

At North Ridgeville, Ohio, the earlv strain blooms and matures 
approximately 4 days earlier, and the late strain 7 days later, than 
ordinary timothy. Although the different harvest periods were not 
so spaced as to permit exact comparisons, in general the results 
indicate that the early timothy will produce yields of hay equal to or 
greater than the yields produced by the medium timotliy when the 
latter arrives at the same stage of development several days later, 
and that the percentage and yield per acre of protein of the early 
timothy will equal or exceed that of the medium timothy. Likewise, 
the late selection harvested at any time will produce yields of hay 
approximately equal to the yields produced by the medium timothy 
at the same stage of development about a week earlier and containing 
a percentage and yield per acre of protein equal to that for the medium 
timothy. 

If the main crops only are considered, the yields of hay increased os 
the timothy progressed from heading to maturity. 

In 3 years, the early selection produced larger yields of hay tlian 
ordinary timothy at all periods of harvest. At the three earliest 
harvest p<igods the late selection produced less then the medium 
strain, but kt the three latest periods it produced more. 
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When the aftermath is included in the total yields of hay the 
advantage of early harvesting, especially for the first seasoncrop, 
becomes apparent. Since the aftermath decreases rapidly after the 
C harvest period, the importance of efficient utilization of the after- 
math through early harvesting of the first crop is indicated. The 
records of yields for the 3-year period—aftermath included—show 
more advantage in early harvesting for the early timothy than for 
the late timothy. 

The percentage of protein in the ha 3 " declined in all three timothy 
strains and also in the timothy and clover fractions as the date of 
hai-vcst became later. The late timothy was higher in protein than 
the medium or early timothy at all comparable dates of harvest. 
Medium and early timothy differeti but little in protein content on 
comparable dates of harvest. 

The 3 deld of protein ]>er acre decreased as harvest was delayed; 
jnarkedl 3 ^ so after the C period. A tendency was noted for tlie late 
timoth 3 " to excecnl the earl 3 ^ and meditim timothy in yield of protein 
per acre. This was due in part to the higher percentage of protein 
in the late timotl\v fra(‘tion and in part to the larger proportion and 
3 'ield of clover growing with it in the first year's crop. 

The percentage of green color ainl the United States grades of ha}^ 
])roduced b.v the earlv’ and the me<lium timoth.v were not greath’ 
different at tlic different liarvest periods. At all times the percentage 
of green color in the hay producc<i bv the late timotlw was higher 
than in the hay pro<luccd bv' either earh" or medium timothy, and as 
th(‘ season advanced the ^radc of the late timotlu' was higher than 
that of the other two strains. 

In northern latitudes, in rotations in which the meadows are 
maintained 2 or 3 years, late timotly ma 3 ' be preferable to earh" or 
mcMlium timotln' when farm practices make late harvesting desirable. 

When 3 delds of hay, Nuelds of protein, percentages of protein, and 
grades of hav are all considered, it becomes evident that haiwesting 
wiien the variety of timotly is in earlv^ bloom, or even before, is 
preferable to harvesting later. 
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RESPIRATION AND OXIDASE AND CATALASE ACTIVITY 
OF APPLE AND PEAR FRUITS* 


By Boyck I). lOzELL, asmstanl horticvlturist^ and Fisk Gerhardt, physiologist^ 
Division of Fruit and Vegetable Crops and Diseases^ Bureau of Plant Industry, 
United States Department of Agriculture 

INTRODUCTION 

In connection with certam investigations of apples and pears in 
storage the (juestion arose as to the relationsbip between respiratory 
intensity and oxidase and catalase activity. A review of tlie literature 
sliowed contradictory evidence. In some cases the correlation was 
strongly positive, in some negative, and in others oxidase, catalase, or 
respiration pieceded, followed, or acted independently of the others. 

Since certain disorders of stored fruit, such as scald, soft scald, and 
hitter pit of apples and loss of ripening ca])acity in pears, are physio¬ 
logical in nature and may be correlated with, or caused by, respiratory 
disturbances during storage, a study of the correlation between res])ira- 
tory intensity and oxidase and catalase activity of apple and pear 
fruits was made. Numerous determinations of the rate of respiration 
and of the oxidase and catalase actmty were made at Wenatchee, 
Wash., during 1933 to 1936, under conditions as thoroughly stand¬ 
ardized ajid controlled as possible. 

In its broadest sense respiration is a rather involved process of 
l)reaking down respirable materials through various stages to the 
production of the final products [jO)} However, in the present work 
the writers iiave used it in a restricted sense to refer only to the final 
oxidation of the intermediate substances and have taken the carbon 
<lioxide liberated as a measure of the respiratory intensitv. Certain 
enzymes, including oxidase and catalase, may be involved in respira- 
ation, and while ‘'res])irHtory intensity^’ and “enzyme activity^’ may 
not be mutually exclusive, the writ^m have separated them for the 
j)urposo of comi)arison, to see whether they are always correlated and 
react similarly U> stimuli. Also the term ‘‘oxidase,“ as used by the 
writers, refers to those enzymes that oxidize various substances directly 
without the addition of hydrogen peroxide. 

Since fruits are living oi^anisms, the rate of respiration is accepted 
ns a measure of them physiological acthity. The enzymes oxidase 
and catalase are sometimes spoken of as respiratory enzymes and are 
usually assigned an important role in respiration. However, the part 
they play is largely hypothetical. In the laboratory" the oxidases as 
prepared by present methods do not oxidize the carbohydrates or fats 
used in respiration. The role of catalase is even more doubtful. 
Hydrogen peroxide, the substance knowm to be attacked by catalase, 
has not been found in the living tissue, although there is evidence that 
it is produced there {44)* The wide distribution of catalase and the 
close correlation of respiratory intensity and catalase activity, espe- 
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cially in some of the earlier work, doubtless was a factor in causing inves¬ 
tigators to classify catalase as a respiratory enzyme. Later work has 
not always yielded such conclusive evidence, and in many cases catalase 
activity has either preceded, followed, or acted independently of 
respiratory intensity. 


REVIEW OF LITERATURE 

The literature dealing with the effect of environmental conditions 
on respiratory intensity and oxidase and catalase activity is so volumi¬ 
nous that it will be necessary to limit this review to certain papers 
bearing directly on the interrelations of these three systems. For 
a more complete discussion and bibliography, the reader is referred to 
Miller {26) or to any of the many other excellent reviews and bibliogra¬ 
phies dealing with the subject. 

Appleman (7), working with potatoes, found that where the tubers 
were treated with ethyl bromide or removed from storage at 3® C. to 
room temperature, or greened through exi)osure to light, the respiratioti 
rate and catalase activity were greatl}’' accelerated, while the oxidase 
activity remained practically constant. He also found greater catalase 
and respiratory activity in the bud half of McCormick tubers, and 
no difference in the oxidase activity as measured by the Bunzell 
method; however, colorimetric results obtained by using aloin as the 
oxidizable substance gave greater oxid^e activit}- in the stem half. 
Neither method disclosed any correlation between oxidase activity 
and respiration. There w-as a large varietal difference in respiration 
and oxidase activity. Carmen No. 1 respiring more rapidly than 
McConnick and possessing only one-fourth the oxidase. Tlie catalase 
activity in the two varieties was strikingly correlated with respiration. 
These results led Appleman to conclude that in potato tubers there is 
no correlation between respiration rate and oxidase activity but a 
striking correlation between respiration rate and catalase activity. 
The same author {2) later foimd a close correlation between respiratory 
intensity and catalase activity in sweet com in the milk stage. In 
this stage the respiration rate was very liigh when the com was first 
pulled but fell off rapidly with storage. Catalase activity showed a 
decline with storage proportional to the decline in rovspiratory intensity. 
Appleman^s work led him to believe that the catalase activity of the 
expressed juice from both sweet com and potato tubers was a fair index 
of the comparative intensity of respiration in the tissues. He states 
{2j p. 209): ^*The data from both plant and animal tissues available at 
present seem to justify the general induction that catalase action is 
invariably correlated with the oxidative processes involved in res¬ 
piration.'' 

After treating potato tubers wdth various chemicals to alter the 
respiration rate, Miller et al. (28) found no direct connection between 
the respiratory rate and catalase and peroxidase activity. Accelera¬ 
tion of enzyme activity followed the increase in output of carbon 
dioxide, and it occurred after the peak of respiratory activity. Certi^ 
chemicals that increased respiration depressed enzyme activity while 
the respiration rate was most active, but later the enzymes showed 
greater activity than in the untreated lot. Alcohol decreased respira* 
tion but ir^creas^ the catalase activity. This chemical had a tend¬ 
ency to^jlcw^jr slightly the peroxidase. These investigators report^ 
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also a close correlation between catalase and peroxidase activity, 
although in certain cases, notably in the alcohol-treated lots, there 
was a divergence in activity. 

Davis ifO) concluded that blackheart of potatoes was caused by 
high respiratory activity and a failure of the gaseous exchange to 
keep pace with the rate of respiration. The catalase activity of 
affected tissues was not correlated with respiratory intensity, but was 
more nearly correlated with the oxygen content of the intercellular 
spaces. 

Rhine (56?) found a large and immediate rise in respiration during 
the germination of seeds; catalase activity was first decreased and 
then accelerated. The early curves of respiration and of catalase 
activity therefore diverged wddely. Rhino concluded that catalase 
could be use<l as an indicator of metabolism only in cases where there 
is no rapid change in respiration. 

I^antz {2S) studied the relation between the rate of respiration and 
the catalase activity during gennination at different temperatures of 
strains of com varying in chemical composition. In all strains, at 
all temperatures, catalase activity decreased in the early stages of 
gennination, then increased to a maximum, and finally decreased 
again as the reserve food of the grain %vas used. Respiration increased 
slowdy in the early stages of germination and more rapidly in the 
later stages. Catalase activity at 30® C. did not increase propor¬ 
tionally with the accelerated metabolism caused by the higher tem¬ 
perature. In most cases catalase content at 30® was less than at 20®, 
and a temperature of 42® markedly reduced the catalase content of 
('orn seedlings. Respiration rose rapidly with an increase in tem¬ 
perature, but catalase failed to show' a corresponding increase. Lantz 
found some correlation between catalase activity and rate of respira¬ 
tion during germination of the different strains of com at 20®, but no 
correlation was apparent at 10® and 30®. In general, his results 
failed k) show a close correlation betw'een catalase activity and respira¬ 
tion rate, and he concluded that the evidence did not justify the th^iy 
that catalase is the enzyme chiefly concerned in physiological oxida¬ 
tion, but more nearly supports the theory that catalase prevents 
excessive oxidation. 

Becht (5) found the blood of animals of the same species, under 
identical conditions, to vary from 100 to 1,000 percent in catalase 
activity. He considered catalase activity of doubtful importance in 
the oxidation process. Morgulis {20) found that exposure of frogs to 
t(uuperatures that affected the metabolic rate from 300 to 400 percent 
had no influence on the catalase content, and he concluded that what¬ 
ever the function of catalase might be in the organism it certainly 
was not a measure of metabolic activity. Seymour {S8) determined 
the catalase content of the ventricular muscle of turtle hearts. Hearts 
witli a rapid rate as a result of warming (range 1.5 to 40 times the 
controls) varied in catalase content both above and below^ the con¬ 
trols, the greater number showring less catalase. 

Bunzell and Kenyon (7), working with the growing potato plant, 
found oxidase activity greater in the tuber than in the foliage of the 
same plant while the catalase activity w’^os constantly two to four 
times greater in the foliage. The oxidase activity of the foliage was 
greatest in the e^ly stages of development, declined with growth, 
and rose again when growth had ceased, whereas the catalase activity 
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in each instance behaved in just the opposite way. These investi¬ 
gators suggested a reciprocal relationship oetween oxidase and catalase 
activity. 

Reed {S5) concluded that the substances affecting the decoinjjosi- 
tion of hydrogen peroxide (catalase) are not of necessity concerned 
with enzymes that accelerate peroxide oxidations (peroxidases or 
oxidases) in pineapples. He reported no catalase activity in green 
pineapples and concluded that catalase is not universally present in 
living cells as Loew and others supposed. Harv^ey {20) dso failed 
to find any catalase in blue-green dgae growing in hot springs at a 
temperature of 65° to 73° C, 

Tyson {4S) has shown catalase activity to be positively correlated 
with vigor of growth and size of plant in sugar beets and the oxidase 
activity to be greater in those plants in which the growth was inhibited. 
Ezell and Crist {ID found that the correlation between the activity 
of oxidase and growth or size of plants was slight, with a tendency to 
be negative in lettuce, radish, and spinach plants. The correlation 
of growth or size of plants with catalase activity w as better than with 
oxidase activity and significantly negative. 

Gustafson oib al. {10)y working with tomato fruits, concluded that 
^‘respiration, growth and catalase activity go hand in hand,’’ although 
in one set of experiments tomatoes growring more rapidly than 4 
percent per day gave less catalase activity than those grow ing betw^een 
2 and 4 percent. Haber {lS)y also w orking wdth tomato fruits, studied 
the relationship of soil reaction, grow^th, and catalase activity. He 
used soils varying in pH values from 9 to 4 and found tliat tlie neutral 
soil gave the greatest yield and the lowrest catalase activity. Soil 
reaction had no efiect on oxidase activity. Oxidase activity was 
greater in ripe fruits than in green ones, and catalase activity w^as 
greater in green mature fruits than in ripe ones. 

De Villiers {11) show ed an increased catalase activity with increas¬ 
ing maturity in grapes, but when the grapes became fully ripe there 
wp a slight decrease. Oxidase activity and respiration rate decreased 
with maturity, the curves being almost parallel. 

eTohnson {22) reported the effect of X-rays on Ilelianthus annum. 
She found that irradiation of seeds or seedlings caused a decrease in 
rate of growth, in catalase activity, and in carbon dioxide production 
(respiration). Oxi<lase acti\ity w'as unaffected by irradiation even 
in dosages heavy enoi^h to cause seedlings from irradiated seeds to 
die after reaching a height of 1 to 2 cm. NoitohI and abnormal leaves 
gave the same oxidase activity. 

In work with diseased plants Bunzell {0) found that the diseased 
materiel had a greater oxidase activity then healthy material. The 
characteristic symptom of the diseases studied (spinach blight, 
mosaic of tobacco, leaf curl of potatoes, curly dwarf of potatoes, and 
curly top of sugar beets) was a stunting of plant growtli. 

Dexter {12) studied the rate of respiration and the catalase and 
oxidase activity of cabbage and of winter wheat plants during ex¬ 
posure to low temperature (2° C^.). He found that the respiration 
rate of all samples continuously decreased during storage at this 
temperature, while the oxidase activity appeared unchanged. In 
cabbage the catalase activity remained unchanged either in the light 
or in the djp^rk (for 5 days), but in winter wheat it increased in the 
dark and^de^eased in the Ught. 
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Pope {SS) report(Hi a nogativo correlation between respiration rate 
and catalase activity in homologous younger leaves of coinparablo 
barley plants, but since this was contrary to the results of other in¬ 
vestigators, he concluded that it was highly probable that any corre¬ 
lation was fortuitous. 

Morinaga {30) showed that dry seeds of rice contained about one- 
tenth as much catalase as wheat, barley, oats, or rye. Rice germi¬ 
nating aerobically contained about seven-tenths as much catalase as 
germinating wheat, oats, or barley. Catalase did not increase in the 
course of anaerobic germination, but in a medium of reduced oxygen 
it increased slowly. Hence he concluded that the rate of increase of 
catalase activity was a function of the free oxygen in the medium. 
Aerol)ically grown seedlings with liigh catalase used much more 
oxygen than anaerobically grown seedlings with low catalase activity. 
The anaerobic seedlings gave off a comparatively large amount of 
carbon dioxide during respiration, whether under normal aerobic or 
under anaerobic <‘onditions. 

Hansom (34) found that the catalase activity of water-saturated 
fruits and seecls of Polygonacoae was greatest at 3° to 9® C. and lowest 
at 30^^, wdiile the rate of respiration was lowest at 3° to 9° and highest 
at 30®. However, at a giv^en temperature catalase activity and res- 
})iration rate were found to bo correlated with the rate of afterripening 
and germination, 

lloinicke (;^i) found no consistent correlation between catalase 
ai'.tivity and respiration rate in dormant excised apple twigs. 

Harding (10) found no correlation between catalase activity and 
respiration rate at 30® and 36® F. in Grimes (Jolden apples, but at 50® 
there was a correlation. He reported: “Catalase activity is inde¬ 
pendent of, and unrelated to temperature.“ (Respiration rate is 
usually considered to be diriM*tly related to temperatiu’e.) “Oxidase 
arul catalase activity were independent of each other, and oxidase 
w as not found to be significant as an indicator in denoting the develop¬ 
ment of soggy breakilown.“ L'nder cold-storage conditions, an in¬ 
crease in catalase activity was a fairly accurate indication of the 
iip])roach of soggy break-down. Xellef {3i) noted a tendency to a 
higher catalase content in Jonathan apples going through the break¬ 
down process, and lower activity in the advanced stages of break- 
dowui. In normal fruits that did not develop break-dowui, the cata¬ 
lase activity increased during early storage and decreased late in 
storage life. NellorV findings tend to corroliorate the theory that 
catalase may be used as an iiulex of metabolic activity, physiological 
break-down being associated with, or causiHl by, an accelerated meta¬ 
bolic rate. 

Drain {13) reported that the Oldenburg apple was low in catalase 
us compared with the Winesa,p apple, although at 25® C. the Olden¬ 
burg variety respired about twice as fast as Winesap at the same 
temperature, Winesap apples held at 25® increased in catalase ac¬ 
tivity over similar lots held at 0®, but the respiration rate rem^ed 
practically the same. A louver respiration rate and less oxidase 
activity were noted in hard ripe fruit than in ripe fruit. Drain con¬ 
cluded that respiration rate and catalase activity wrere not closely 
correlated in apple varieties. 

Mogness and burroughs {25^ pp, 79-3S) determined the respiration 
rate and catalase activity of apples after removal from cold storage to 
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a higher temperature, and found a gradual increase in catalase ac¬ 
tivity throughout the duration of the test (17 days). Respiration 
reached a maximum in approximately 1 day. Thev conclucfed that 
catalase followed respiration and was associated with the total respi¬ 
ration that had taken place rather than with the rate at any particular 
time. Cellar-stored 'Winesap apples high in catalai^ had a lower res- 

1 )iration rate when transferred to 65® F. than did fruit from 32® storage 
ow in catalase. Baldwin apples removed from 65® storage, where 
high catalase activity had developed, showed no decrease in catalase 
activity after 2 months' storage at 32®, indicating that catalase was 
not directly related to temperature. Later Magness and Ballard { 24 ) 
found that the highest point in catalase activity came sometime prior 
to the period of greatest respiratory activity in Bartlett pears stored 
at 60®. When the pears were almost full ripe, the respiratory activity 
was increasing wliile the catalase was decreasing rather rapidly. 

Garrick (S) found that freezing Winesap apples at — 7.5® to —8.5® C. 
for 3 to 6 hours caused their respiration rate at 0® to increase as much 
as 85 percent above their previous normal performance at that tem¬ 
perature. This increased rate lasted for several days. With McIntosh 
apples 4 days after freezing, he found (^9) the catalase activity lower 
in the 3-hour treatment but somewhat liigher in the 6-hour treatment. 
With Baldwin apples 3 days after freezing, those frozen for 3 hours 
did not vary from the controls in catalase actmty; those frozen 6 
hours showed a slight increase. Seven days after freezin^g, both the 
3- and the 6-hour treated fruits showed a slight increase in catalase 
activity. 

The available experimental evidence is not such as to give conclusive 
proof that rate of respiration is dependent iipon oxidase or catalase 
activity as measured by present methods. Rather, it raises serious 
doubt as to whether these activities are directly correlate<l witli the 
rate of respiration. 


MATERIALS AND METHODS 

Fruits used in these studies were selected in the orchard for uni¬ 
formity of growing conditions, size, and other external factors, thereby 
insuring comparable material for the various phases imder investiga¬ 
tion. After harvest all lots were treated uniformly except for those 
variations being studied. When cold storage was used the fruit was 
stored within a few hours after harvest, and in all cases respiration 
lots and lots used for enzyme determinations were given comparable 
treatments. 

Rate of respiration was usually determined by enclosing fruit in on 
airtight container, aspirating with air free from carbon dioxide, and 
absorbing the respired carbon dioxide in barium hydroxide in Truog 
absorption towers. Exceptions to this procedure are noted below. 
Oxidase activitv was determined iodometrically as described by 
Guthrie {17). A uniform reaction temperature was obtained by draw¬ 
ing the air through a constant-temperature bath held at 25® C. 
Enzyme determinations were made in duplicate and if not in close 
agreement were discarded and samples re-run. Catalase activity was 
determined by a water-displacement method similar to that d^ribed 
by Beinicke {21). Uniform shaking was accomplish^ by means of A 
mech^alshaker run an electric motor geared so that the solutkm 
flowed 108 times per minute from one of the tube to the 
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All even icjnpcrature was obtained by inmiorsinfr the tubes in a thej- 
inostatieally controlled bath held at 25°. l^rcliininary tests sliowed this 
temperature to give nearly inaxunum activity with thematerialsstudicil. 

Balls and Hale (4) reported that catalase may exist in the inactive 
state. Activation of this inactive form could be accomx>lished by the 
addition of an activator, such as Kolmer’s antigen or an extract pre¬ 
pared from heart tissue, as showm by Sw’enson/** Catalase determina¬ 
tions were made on various samples to which the above-mentioned 
activators were added. Representative data are given in table 1. 
The a<‘.tivity reported represents 1 cc of juice plus 1 cc of the activator 
diluted as indicated. 

Taulk ■ Effect of activators on catalase in juice from pears 
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Table 1 shows that the activators did not increase the catalase 
activity of the fruit juice. This is not surprising, since the juice used 
had been pressed from the tissue. Swenson and James (41) reported 
inability to separate the inactive catalase from the living cell. 

Several methods of taking samples for enzyme determinations have 
been reported. Most of these include the use of calchun carbonate or 
other materials to neutralize the acids }>resent in the. tissue and thus 
prevent the destruction of the catalase. In a study of this kind it is of 
the utmost importance to have a uniform method of taking samples 
and determining the enzyme activity, while the particular metho<l ein- 
])loyed may be of relatively less importance. The methods employed 
hero were adopted for convenience and represent those that woxild 
give easily readable diflerenees, (^aleium carbonate was nsexl in the 
pre])arHtion of catalase .samples, since unneutralized juice gave a very 
low reading. Rose et al. (57) have shown that ions other than 
In^drogen or hy<lroxyI may be important in regulating oxidase activity, 
and that in nexitralizing tlie acids the effect of the salts formed must 
he taken into account. Since a satisfactory'^ reading could be obtained 
with the unneutralized juice, no carbonate or other chemicals were 
adde<l in the ]>reparation of the oxidase sajnples. 

In taking samples for enzyme analyses the fruit w'as cut through 
the greatest transverse diameter, thus dividing the seed cavity in 
half. The seeds w^ere removed and a portion approximately 1 cm 
thick was taken from each of the cut surfaces, giving a disk from tlie 
greatest transverse diameter of the fruit. Ten or more fruits were 
Uwsed for each sample. Sections were taken from the calyx half for 
catalase measurements. The sections w^ere weighed and 1 jie^ent 
of calcium carbonate was sprinkled over tlie cut surfaces. The tissue 
was then ground in a food chopper with a nut-butter attachment, and 

T, L. 110J.E DVCATALAaX IN WOtOOlCAtOXmATION A» DXMON8TKATEP BY BROtXX78 X AXIS, 
I hesls, Amer. Cniv. (On file In Amer. Unlv. Litur.. OriKltiate School.) 1933. 
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t)ie juice was squeezed tlirough two thicknesses of cheesecloth. It 
was then filtered through double cheesecloth without j)ressiire, to 
. remove the tissue forced tlirough at the first filtering. The juice 
w'jis held in the refrigerator at 40° F. for 24 hour's before tletormining 
the catalase activity. For each detorminatum 1 cc of the neutralized 
pear juice and 5 cc of dioxygen w'cro used. Since apples are relatively 
weak in catalase, 5 cc of juice and 5 cc of dioxygen w'ero used. Oxidase 
samples taken from the stem half were ground, and the juice was 
extracted as for catalase. Samples were prepared in the forenoon, 
and enzyme determinations were made in the afternoon usually after 
the lapse of about 3 hours. The oxidase activity varied widely under 
the various conditions, and it became necessary to alter the amount 
of sample in order to insure an excess of oxidizable sirbstance in the 
substrate. However, the amoimt of juice used was the same throvrgh- 
out any particirlar experiment and varied only betw'een experiments 

In presenting the results, respiration is reported as milligrams of 
carbon dioxide per kilogram-hour. O.xidase is reported as cubic 
centimeters of N/lOO sodium thiosulphate, and catalase as cubic 
centimeters of oxygen liberated in 5 minutes. 

EXPERIMENTAL WORK 

RESPIRATrON RATE AND ENZYME ACTtVTTY OF DELtCIOUS APPt.ES AS tNFLirBNCEn 

BY EXTERNAL CONDTTrONS 

The apples used in this experiment were harvested at optimum 
maturity and stored immediately at 32° F. until ready for use in 
Januar}^. Since certain chemicals are known to affect the rate of 
respiration in potatoes, and other plants, it was decided to treat 
apples with some of these chemicals and determine the effei^t on the 
rate of respiration and the enzyme activity. The substances selected 
were ethylene and ethylene chlorohydrin to increase respiration and 
ethyl alcohol to lower it. Freliminaty tests showed that when fruit 
was removed from 32° and placed at 65° the increase in rate of 
respiration due to the change in temperature alone was so groat that 
differences due to the chemicals were of doubtful significance. Rep¬ 
resentative rates at 65° were as follows; 

Check untreated—.19. 9 mg COj per kilogram-hour 

Ethyl alcohol---18. 9 mg COj per kilo^ani-hour 

Ethylene..21.1 mg COj per kilogram-hour 

Ethylene chlorohydrin-21. 1 mg COj per kilogram-hour 

Since the respiration differences were small, no enzyme determina¬ 
tions were made on these lots. 

In the tests reported below the apples were treated at 32° F. for 
30 hours as follows: 

Lot 1.—Check, aerated continuously. 

Lot 2.—Aerated with air that had bubbled through 95-percent ethyl alcohol 
before entering respiration chamber. 

Lot 3.—Ethylene, 1 part to 1,000 parts of air, in a closed system with potas¬ 
sium hydroxide as absorbent of carbon dioxide. 

Lot 4.—Aerated with air that had bubbled through 40-percent ethylene chloro* 
hydrjn before entering respiration chamlrer. 
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Tljo results ar(3 given in figure 1. Tlio rates of respiration are the 
average for 95 hours following the beginning of treatment and arc 
ropresentativo of differences noted at intervals during the treatment. 
Enzyme samples were taken at the end of the 95-hour period. 

Tiie evidence indicates that the respiration rate is not directly cor- 
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n^latod with oxidase or cata.lase activity in cold-stored Delicious 
apples. The catalase and oxidase also acted independently of each 
other. The rate of respiration was not affected as much by the 
(’licmicals as has been previously reported with potatoes; however, alco¬ 
hol caused a deprassing effect 

and ethylene and ethylene rn . 

chlorohvdrin an accelerating .^1 I, 
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ethylene or etliylene chloro-rmvns 2 .—Respiration rate ami entyme activity of different 
hydrin strains of Delicious apples. 

Upon the termination of these experiments the check lot of fruit 
was removed from 32“ to 66“ F. for 4 days; the respiratory intensity 
increased 676 percent, while the oxidase and catalase activity de¬ 
creased slightly. At the end of 8 days at 66“ the oxidase activity 
was still lower, but the catalase activity had more than doubled. 
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UKSPIUATION RATE AND ENZYMR ACTIVITY OF STRAINS DF J>K[acU(>US AITLES 

J^ctonninations of rates of respiration and of oxidase and ca(.alase. 
activity were made on three strains of Delicious apples (common 
Delicious, Starking, and Richared). The fruits were stored at 32® F. 
immediately after harvest, and determinations were made 36 hours 
later. The results are given in figure 2. 

There is no correlation evident between oxidase and catalase ac¬ 
tivity and rate of respiration in different strains of Delicious apples. 
Oxidase and catalase also act independently of each other. 

RESPIRATION RATE AND ENZYME ACTIVITY OF ROME BEAUTY AND WINESAP APPLES 
AS INFLUENCED BY TEMPERATURE 

Respiration rate and oxidase and catalase activity were determined 
on Rome Beauty and Winesap apples at harvest and after storage at 
65® and at 32® F. The results are given in figure 3. 



AT harvest flSV 4 OATS AT 32 V 90AVSAT«5V «DAySAT«5V t4 OATS At *»V "Ta OATS AT M'F 

THEN5DAYSATS2V THEM 4 WtS AT JZV 



then joavE at jzV 

FiouuE J -Respirationrate athl t‘n?>mi* acrlvitj of Uu?ncii|Beaut> and WinesapappU^sns influenw* 

Pv tamiK*rature. 

"With Rome Beauty apples under the different storage treatments 
the respiration rate ranged from 2.45 to 18.90 nj^ of carbon dioxide 
per kilogram-hour, an increase of 671 percent. The oxidase activity 
ranged from 11.5 to 15.0 cc, an increase of 35 percent. The respira¬ 
tion rate rose during storage at 05° F., reaching a climax in 9 days. 
Oxidase activity declined slowly but steadily at this temperature. 
At 32° the respiration rate droppe<l to approxiinately 15 percent of its 
intensity at 65°. There was only a slight decrease in oxidase ac¬ 
tivity, while in certain cases catalase was greater. In Winesap 
apples the respiration rate and oxidase and catalase activity showed a 
similar tendency to act independently of each other. 

RESPIRATION RATE ANU ENZYME ACTIVITY OP ROME BEAUTY APPLES AS 
INPLUENCED BY RESPIRATORY aTIMUI.ANTS FOtXOWlNO HARVEST 

It was thought that apples treated immediately after harvest whUc 
in a preclimacteric respiratory stage might be more subject to respira* 
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lory stimulants than lots tliat had been V, until tjay 

roachod the iM>stclimacteric stage and had then been broiiglit to tiie 
wann room. In the latter case it had been found tliat changes due to 
the sudden rise in temperature from 32° to 65° largely obliterated the 
effect of the stimulants. Rome Beauty apples were brought to the 
65° room immediately after harvc.st and subjected to the following 
treatments: 

l^t 1.—('heck, aerated continiiouKly. 

I>ot 2.—Aerated with air that had bubbled through 40-percent ethylene chloro- 
hydrin before entering respiration chanilier. 

Lot 3.“' -Aerated with air mixed 50-50 with oxygen gas before entering respira¬ 
tion chamber. 

In order to detennine the cumulative effect of the gases, the treat¬ 
ment was continued for 12 days and w as followed by 5 days’ aeration 
without the gases. The r<‘sults are given in table 2. 


Tahle 2, —Respiration rate and enzyme activity of Rome Beavty apples as influ¬ 
enced by respiratory stimulants immediately following harvest 
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> Treatment diseuntinued after 12 days. 


Wliile the gases caused an appreciable increase in respiration, the 
rate of respiration and oxidase and catalase activity were not parallel 
in Romo Beauty apples subjected to respiratory stimulants hninedi- 
ately after harvest. Ethylene chlorohydrin caused a rajiid ris<' in res[)i- 
ratioD, wdiich continued beyond the period of treatment. It is possible 
that the treatment was too severe lor the best results. The respira¬ 
tion rate rose rapidly and remained practically stationary^ for several 
days; it decreased slightly and then rose above the previous maximum 
after the treatment was discontinued. Ethylene chlorohydrin could 
be tasted in the fniit for several days. No visible injury w as evident 
at the end of the treatment, but 6 days later, when the last enzyme 
detenninations were made, approximately one-third of the fruits were 
showing injury at the core. It is evident that the vapors had been 
interfering with the catalase activity muoii earlier, possibly within 3 
days. 
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Tlic api)les rosiK)ndod a little Jiiore slowly to oxygen gas than to 
ethylene clilorohydrin vapor. Apparently the increased concentration 
of oxygen did not interfere with the normal metabolism of the fniit 
as much as did clilorohydrin. The rate of respiration was higher in 
the oxygen-treated lot than in the check lot, but otherwise the be¬ 
havior was much the same. Both lots reached the respiratory climax 
in 5 days. At the end of 3 days the oxidase activity was lower in the 
treated lot, but it was approximately the same in both lots at the end 
of the treatment and again 6 days later. Catalase activity of the two 
lots was closely parallel during the test. 

RESPIRATION RATE AND ENZYME ACTIVITY OF RARTLETT PEARS 


Since it is known that very immature fruit respires much more 
rapidly than mature fruit and also that oxidase and catalase activity 
are greater in immature fruit, a study was made of tlie changes in these 

activities in Bartlett 
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Figure 4.-*Respiratioii rate ami enzyuie activity of Bartlett i>ears 
during tbo growing season. 


was taken to the laboratory and the samples were prepared. Fruit 
used for determining respiratory intensity was placed in airtight con¬ 
tainers, and determinations were made In the afternoon of the day 
the fruit was picked. Oxidase and catalase samples wore prepared 
from comparable lots of fruit in the forenoon of the same day. The 
oxidase activity was so great in the very immature fruit that it was 
necessary to reduce the amount of juice taken for Bnai 3 isis from 10 oc, 
as previously reported, to 1 cc. Pear fruits in general are much 
richer in catalase than apple fruits, and 1 cc of juice was also used 
for the catalase detenninations. The results are given in figure 4. 
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Figure 4 shows a consistent increase in the size of the fruit through¬ 
out the growing season. The rate of respiration and oxidase and 
catalase activity showed a corresponding decrease until August 14, 
at which time the fruit showed a pressure test of 17.9 pounds, which 
is usually recoTumondod for the harvesting of Bartlett pears for best 
dessert and storage quality. Oxidase activity continued to decrease 
as long as the fruit remained on the tree, but the rate of respiration 
and catalase activity increased after the August 14 minimum. If 
determinations had been made at shorter intervals immediately 
preceding and following this date a lower minimum might have been 
recorded, but it is of interest to note that the minimum in both 
respiration and catalase activity came at the time when experience 
had showed that the fruit should be harvested. A strong positive 
correlation is evident 
between the rate of 
respiration and catalase 
throughout the grow¬ 
ing season. Oxidase 
activity also followed 
closely until the Iruit 
was ready for harvest, 
hut if the fruit was 
allow'Cil to remain on 
the tree until it was 
“tree ripe’" the oxidase 
activity de<Teased fur- 
th(»r wliile catalase ac¬ 
tivity and the rate of 
respiration increased. 

This correlation be¬ 
tween rate of respira¬ 
tion and enzyme a<*tiv- 
ity was evident only at 
harvest. Wljen fruit 
w as held in storage for 
several days the rate 
of respiration and cn- 


triie w'hether the fruit was harvested wliUe 
still immature or w^as permitted to reach full maturity. 

In connection with the rise in respiration on removal of tlie fruit 
from 32® to 05® F., as shown in figure 6, it should be noted that the 
rate at the end of the first day at the higher temperature was greater 
thaii at the end of the second day. Willanian and Brown {45) 
attribute this rise to a lower carbon dioxide solubility in the cell sap 
at the higher temperature, with consequent release of the excess gas. 

UKSPIUATION HATK AND ENZVMK ACTIVITY OF ANJOU PEARS DURINi; STORAGE 

Anjou peal’s were harvested at optimum maturity (11.0 pounds 
pressure) and stored immediately at 32® F. The rate of respiration 
and enzyme activity were followed during the storage season. The 
results are given in figure 7. 


zyme activity diverged, 
This divergence, shown 
in figures 5 and 6, bel 



Figpkk 5. —Respiration rate and enzyme aeiiMty of Hartlett tx^ars 
during ripiHHng at F, A, .Mature fnm; /?, immature fruit. 
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It is evident that the rate of respiration is not correlated with 
enzyme activity in Anjou pears stored at 32° F, The rate of respira¬ 
tion fluctuated during the storage season, but no definite trend was 
noticeable. Oxidase activity increased steadily, more than doubling 
during the season. Catalase activity also increased but fluctuated 
more widely than oxidase. Other varieties gave similar results. 
Unpublished data have shown that within the commercial picking 
range the maturity of the fruit at harvest exerts little influence on 
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-Kcspiranon rato and enzymt^ activity of Hartl«tt poars stored at 32® F for 14 dajs aiul 
ripened at 65®. 


the rate of respiration at 32° but exerts considerable influence on the 
oxidase activity. With the less mature fruit the oxidase activity 
increases rapidly with time in storage but with more mature fruit 
the increase is less. 


RESPIRATION RATE ANU ENZYME ACTIVITY OF BOSC PEARS FROM DIFFERENT 

LOCAUT1E.S 

Bose pears grown at Wenatchee and Yakima, Wash., and at 
Medford, Oreg., were harvested and stored at 30° and 3()° F. within 
24 hours after harvest. Rates of respiration and oxidase and catalase 
activity were determined after 3 months' storage. The resiilts are 
given in figure S. 

The rates of respiration were practically the same in the fruit from 
the three districts. The averages of the enzyme values from the two 
temperatures show that the Medford fruit contained about five and 
one-naif times as much oxidase as the Wenatchee fruit and over 
three times as much as the Yakima fruit. Medford Bose pears also 
c>ontained more than twice as much catalase as Wenatchee Bose and 
nearly twice as much as Yakima Bose. At 30° F. tihe average output 
of carbon dioxide was about two-thirds of that at 36°. The oxidase 
activity did not vaiy greatly, and the catalase activity at 30° was 
approxwnateiy two-thirds of that at the higher temperature* 
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DISCUSSION 

Throughout the work it was evident that the chemical stimulants 
used were not so effective with apples and pears as has been reported 
with potatoes. Miller and Denny (27) have shown that the amount 
of ethylene chlorhydrin taken up by potato tubers varies with the 
permeability of the skin. The skin of apple fruits is comparatively 
tough and has a coating of natural wax. This skin doubtless is 



Fir.uKE 7 “'Kespirfltton rato and cu^ 5 ^ne activity of Anjou iiears during storage at 32® F. 

much less permeable than the least permeable potato skin. Pear 
skins are less tough than apple skins and comparatively free from 
wax, Gerhardt and Ezell (Jo) have shown that pears absorb gas 
much more readily than apples, as measured by the internal con¬ 
centrations of carbon dioxide after the fruit has been subjected to 
the gas for a definite period. On removal to normal atmospheres 



Fkjithk 8.— Kespiration rate ftiid enzyme activity of Bose pears from 1 he Wenatchee, Vakima, and Medford 

districts, stored at 30^ and 36® F. 

pears also lost the gas more rapidly and reached equilibrium at about 
the same time as apples, indicating that pears are more permeable 
to gases than are apples. However, Anjou pears held at 32° F. for 
2 months and then treated with ethylene and ethylene chlorohydrin 
for 48 hours at 32° showed no smiificant increase in respiration over 
the cheek. When treated at 05° lor 24 hours no aign^cant differences 
were noted during treatment or during subsequent ripening. 
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From the results reported herein it appears that apple and pear 
fruits are much less susceptible to chemical respiratory stimulants 
than are potatoes. However, it is well to remember that they repre¬ 
sent entirely different types of tissue. Mature fruits, exclusive of 
seeds, consist of mature cells and are incapable of further growth or 
division. Potatoes are fleshy underground stems composed largely 
of storage cells and meristematic tissue in the resting sta^e. Under 
favorable conditions they are capable of growth, production of new 
cells, and the completion of the life cycle, all of which necessitate 
increased respiration. 

The results herein presented show that the intensity of respiration 
and the activity of the so-called respiratory enzymes, oxidase and 
catalase, are apparently not closely correlated in apple and pear fruits 
when held in storage. The data show that the enzymes act inde¬ 
pendently of the rate of respiration and independently of each other. 
However, in Bartlett pears sampled immediately after picking there 
was a close correlation between respiration and catalase activity 
throughout the growing season. Oxidase activity likewise was 
closely correlated with respiration until the fruit was ready for 
harvest, but if the fruit was allowed to remain until ^‘tree-ripe/\ the 
oxidase activity decreased while the rate of respiration and catalase 
activity increased. 

Since the status of oxidase ahd catalase as respiiatory enzymes is 
largely hypothetical, with little or no direct evidence to support the 
theory that they are responsible for respiratory intensity, and since 
results of previous work show such wide divergence, one might be 
inclined to question the part that these enzymes play in respiration. 
Perhaps the correlations found have been fortuitous and without 
special significance. 

Another intorpretatiop, and one that seems more logical, is to 
accept oxidase and catalase as respiratory enzymes and credit them 
with accelerating certain chemical changes that take place during 
respiration. Certainly it is necessary to assume the presence of some 
activating substance in the living cell to account for the ease und 
rapidity with wliich chemical reactions take place anil compounds are 
broken down to release energy for tlrp cell. However, it has been 
pointed out jP- ^1) that— 

there is no evidence to support any theory which would embody the concept of 
there being an exact quantitative balance between the necessary amount of 
energy and the activity of energy-producing agencies. This would attribute to 
plant organisms a degree of economy and an inherent capacity for conservation of 
energy which they may or may not and most likely do not possess. 

The above concept of the interrelationship between respiration 
and oxidase and catalase activity need not conflict with the findings 
of other workers. Instead it offers a possible explanation of some 
apparent discrepancies, Oxidase and catalase enzymes could undoubt¬ 
edly be present in excess in tissues and bear a relation to respiration 
comparable to that of the large reserves of food materials, none of 
which would be likely to become limiting under normal conditions. 
Seeds containing large reserves of stored food respire very slowly until 
they start to germinate, and the seedlings increase in respiratory 
intensity to a maximum and then decline; the curve of this process m 
practically identical with the grand curve of growth (S^, p, St7). 
Thus the low points in the respiration curve are at the beginning and 
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at the end of the life of the plant, at which times the amount of stored 
food is at its maximum. Miller discusses the effect of food supply 
on the rate of respiration, and states {26, p. 7SS): ''The total quantity 
of carbohydrate in the cell will thus not influence the rate of respira¬ 
tion except to determine the length of time that the process may 
continue therein.*^ More recently Appleman and Smith {3) have 
shown that there is no direct correlation between the rate of respira¬ 
tion and the total or reducing sugar content. Possibly nature is not 
so economical with respiratory enzymes that there would be a supply 
sufficient to take care of immediate needs only, when there is normally 
an abtmdance of reserve materials present in excess of the amount 
consumed in respiration. 

If the foregoing hypothesis be true and the intensity of respiration 
increases rapidly, as in germinating seed, the enzymes present are 
sufficient to take care of the increase in respiration, although if the 
enzyme content is relatively small it may decrease until an additional 
amount can be produced; this would explain the delayed rise in cata¬ 
lase activity as reported by Rhine {36), Lantz {23),nnd Miller et al. 
(28), If the supply of the enzyme is relatively large, as in fruits, 
then the enzyme activity may increase slowly as additional catalase 
is produced; and the enzyme activity may follow the rate of respira¬ 
tion, as reported by Magness and Burroughs {2o), or decrease if 
conditiems are unfavorable for production of the enzyme, as reported 
by Do Villiers (//). 

That the catalase should increase as the fruit ripens on the tree 
(fig. 4) but decrease as it ripens in the ripening room (figs. 5 and 6) 
juay seem rather contradictory on first thought. Two explanations 
may be offered. 

(1) The type of ripening is different in the two cases. Bartlett 
pears harvested at conimercial maturity and ripened at 65° F, 
become soft and juicy with almost a buttery texture. The fruit be¬ 
comes increasingly soft as it approaches the overripe stage, and the 
tissue throughout finally collapses. However, fruit allowed to ripen 
on the tree remains firm and crisp and the texture becomes granular. 
As maturity advances break-down begins at the core and progresses 
outward, leaving only a shell of apparently sound tissue filled with 
broken-clown cells, the shell finally collapsing. In these two types of 
ripening, apparently dependent on different factors during the ripen¬ 
ing process, the need for catalase may not be the same. 

(2) When fruit is harvested at conimercitil maturity and ripened at 
6i5° F., all the processes of ripening are katabolic. The products of 
<lecomposition may accumulate rapidly to injtirious proportions and 
destroy the catalase. Fruit previously storea at 32° ripens quickly, 
decomposition products accumulate rapidly, and a continuous decline 
in catidase may be observed (fig. 6). When fruit is allowed to ripen 
on the tree both anabolic and katabolic processes are active, the rela¬ 
tive importance of the two changing as the season advances. The 
products of katabolism in small amounts may then act as a stimulus 
to catalase activity, with the resultant U-shaped curve (fig. 4), which 
if prolonged until decomposition is well advanced would doubtless be 
S-sbaped. Evidence that'small amounts of decomposition products 
of ripening fruit stimulate catalase activity is seen in figure 5. 
With mature fruit (fig. 5, A) visible ripening starts withm a few days 
and catalase increases end then declines as decomposition products 

C0771—8R-5 




382 


Journal of Agricultural Remarch 


Vol, 50, No. 5 


accumulate. With immature fruit (fig. 5, B) visible ripening does 
not take place for several days and catalase decreases, and then 
increases as visible ripening begins with the resultant stimulatory 
action. If fmit is stored at 32®, decomposition products should be 
formed slowly, and catalase should increase slowly, as is shown in 
figure 7. That alcohol and ethylene chlorhydrin in small amounts may 
act as a stimulus to catalase activity has been shown (fig. 1). Table 
2 shows that if the treatment is prolonged catalase activity will be 
lowered. Alcohol and acetiddehyde increase in fruit as it ripens, reach¬ 
ing a maximum in the overripe fruit. Fruit with a high acetaldehyde 
content has been found to be uniformly low in catalase. 

Bunzell and Kenyon (7) have considered a possible reciprocal rela- 
tionsliip betw'een oxidase and catalase activity. They have advanced 
the theory that a portion of the colloidal constituents, such as proteins, 
may be res^nsible for the oxidase activity. A different type or 
degree of cofloidality may be responsible for catalase activity, and the 
two types may be so interrelated that each tends to operate to the 
exclusion of the otlier. A reciprocal relationship doubtless sometimes 
occurs; however, if this relationship held universally, then the two 
enzymes would not parallel each other as Dexter {12) found vvuth 
cabbage plants exposed to low temperature or as the present writers 
found wdth Bartlett pears during the growing season (p. 377). In 
certain cases conditions may be more favorable for the production of 
one type of enzyme than the other and a reciprocal relationship may 
appear to exist. If catalase and oxidase catalyze different reactions, 
then those conditions in wdiich more of one enzyme would be needed 
may not necessarily be the same as for the other. Thus in spinach 
blight {6) additional oxidase may be produced by the plant, while 
with a different type of disease, such as soggy break-dowm of apple 
fnuts {19)y additional ‘catalase may be produced. Until more is 
known about the part enzymes play in the cell and the reaction (hat 
each catalyzes, the reason for their increase w^ill probably remain 
unknown. 

In connection with the respiration-oxidase-catalase relationship, the 
work of Balls and Hale (4) is of interest. In 1932 they reported the 
discovery of an inactive form of catallise that could be activated by 
the addition of S- S derivatives (cystine, insulin, and oxidized glu¬ 
tathione). The S-S-contaming compounds may be replaced by heart- 
muscle extract as reported by Swenson.^ Swenson interpreted the 
presence of the inactive form os explaining the contradictory results of 
previotis workers who attempted to correlate catalase activity wdth 
metabolic processes but failed to consider the temporarily inactive 
fonn. 

With the addition of activators, Swenson found that the previously 
inactive form w^as like the original active form in being able to liberate 
oxygen from hydrogeh peroxide but apparently differed from it in other 
respects. Thus, he found that there were either two fonns of inactive 
catalase or, less probably, that two activators were necessary for its 
activation. Also, the inactive part is destroyed when the cell is killed 
by acetone, even though the activation takes place before the death of 
the cell. The original active form remains active after the cell is 
killed, but the recently activated form disappears. Working with 
bacteria, Swenscn concluded that the difference was probably due to 

U. See footnote 3. 
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the manner in wliich tlie enzyme was attaclied to the cell. He found 
that the catalase content of bacteria varied with the oxygen supply 
and probably depended on the rate of cell oxidation. Most of the 
increased activity was of the inactive type. The increased catalase 
with the higher rate of oxidation lends supi:)ort to the catalase-respi¬ 
ration relationslup. 

In interpreting the work of Swenson in relation to the hypothesis 
presented in this paper, it might be better to visualize the inactive 
catalase of Balls and Hale as a “proenzyme’' (4^^, p. 198)j i. e., catalase 
in various stages of development. At some stage in its formation, if 
an activator is added, it is able to <lecompose hydrogen peroxide in 
oxygen and water, although it is not fully stable catalase that can be 
extracted from the cell and treated as normally activ^e catalase. This 
conception would be analogous, as mentioned above, to reserve food 
storecl in a cell or plant. There is enough available food present 
nonually to supply the immediate needs of the plant, but if an extra 
drain is made on it, as in genninating seeds, the reserve food in various 
fonns is rapidly changed to a form that may be used in respiration; 
likewise*, inactive catalase may exist as a proenzyme, and its availabil¬ 
ity for use may depend tipon the needs of the plant or the presence of 
certain activators. Where the cell, as in batUeria, is exposed directly 
to the stimulant, oxygen, its response is very marked as evidenced by 
the rapid increase of the inactive catalase. The active catalase 
increased less rapidly, but probably fast enough to take care of any 
needs that were likely to develop. 

Assuming that the reaction between acti\ ators and inactive catalase 
is a chemical one—and this confonns to modern enzyme theory— 
the efiiciency of <lifFerent activators would depend on the ability of 
the activator to join with the inactive catalase molecule and produce 
the active form. Thus Kolnier antigen would be able to supply more 
of the active catalase molecule in naclUvs mlgaris (Hauser) Migiila 
{Proteus 7n(l(jaris Hauser) than would heart extract, i. e., it would 
activate more of the potential catalase in its various stages of forma¬ 
tion and produce greater activity. If this e.xplanation of activators 
is the (‘orrect one, it vseems unlikely that there is any close correlation 
betWTen catalase activity, including the inactive portion, and respi- 
ratoiy intensity, as proposed by Swenson, The measurement of the 
inactive form would depend upon the amount activated from the 
various stages of formation, and has been shown ® to vary from one 
activator to another (Kolmer’s antigen was more effective than heart 
activator); from one treatment to another (at 25® and 37® C. activa¬ 
tion took plaoe in 10 minutes’ exposure, but at 0® it did not take 
place in 00 minutes’ exposure); and from one organism Ui another 
(cystine for liver, heart extract for bacteria). Consequently, imtil 
the total potential catalase can be activated under various conditions 
and with various activators, it will be difficult to correlate respiratory 
intensity with tlie summation of the active and inactive forms. 
Otherwise the discovery of a more efficient activator or a more nearly 
perfect set of conditions for activation might completely invalidate 
tlie data secured. Since there is no evidence to support the theory 
that “inactive catalase” can function in the cell as active catalase or 
is available for use until changed to the active form, it seemed prefer¬ 
able to confine the work laigdy to the active form of catalase. 


* T, U 86$ footnote 3. 
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The recent work of Stem {S9) is of major interest to students of 
enzymology because of the direct evidence that he has obtained of 
the combmation of the enzyme with the substrate. When monoethyl 
hy^drogen peroxide is added to liver catalase the enzyme spectrum 
disappears and two new absorption bands appear. In a few minutes 
the bands disappear and the original enzyme spectrum reappears. 
The reappearance of the enzyme spectnim coincides with the disap¬ 
pearance of the titratable peroxide oxygen. No gas is evolved in the 
reaction. So far as the writers are aware, this is the first direct 
evidence not only of a combination of enzyme and substrate, but also 
of a combination between catalase and monoethyl hydrogen peroxide 
with the liberation of nascent oxygen. Molecular oxygen from 
hydrogen peroxide is usually assumed to be the normal catalase 
reaction. No change in the enzyme spectrum was observed when 
hydrogen peroxide was used as a substrate, the reaction probably 
being too rapid to be detected. If future work proves that catalase 
may liberate nascent oxygen in the living plant the present conception 
of plant respiration and catalase activity may have to be altered 
substantially. 

SUMMARY 

The oxidase and catalase activity of apple and pear fruits under 
various conditions has been studied in relation to the rote of respira¬ 
tion and to each other. 

Oxidase and catalase activity were not directly correlated \yith 
rate of respiration or with each other,, in fruit subjected to various 
storage temperatures or to various chemical respiratory stimulants 
or depressants. 

There was a positive correlation between rate of respiration and 
oxidase and catalase activity in Bartlett pear fmits on the tree from 
the time they were very small until they reached commercial har\ est 
maturity. When the fruits w^ere permitted to remain on the tree past 
the normal season, the oxidase activity continued to decline wiiile tlie 
rate of respiration and catalase activity increased. 

There was a positive correlation between catalase activity and rate of 
re^iration in Bartlett pear fruits as loi% as they remained on the tree. 

The intercorrelation of respiration, catalase, and oxidase failed to 
hold after the fruit was removed from the tree and placed in storage. 
This was true whether the fruit was harvested relatively immature 
or wiiether it was aIlowe<l to reach full harvest maturity. 

Chemical respiratory stimulants were not so effective with apple 
and pear fruits as has been reported with potatoes. 

The interrelationship of oxidase, catalase, and rate of respiration is 
discussed. A possible explanation is suggested for the apparently 
conflicting results obtained by workers in this field. 
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THE INFLUENCE OF VARIOUS FACTORS ON EGG 
PRODUCTION IN TURKEYS' 


By V. S. Abmundsun “ 

Aitsislanl jMuttry husbandman, California Agricultural ICxperiment Station 
INTRODUCTION 

It has long been recognized that hereditary as well as environmental 
fatdors influence egg production in the domestic fowl. Following the 
work of Pearl (9),* Goodale (^) and later Hays (S) established the 
existence of several inherited factors, each influencing egg production. 
These factors include sexual maturiW, winter pause, broodiness, per¬ 
sistency, and rate of production. Sexual maturity in chickens has 
usually been measured by age at first egg; winter pause by a period of 
noiiproduction of 7 (or 4 daj’s. Hays (5)) days or longer; broodiness by 
actual cessation of egg production due to the hen’s becoming broody; 
persistency by the length of the laying year; and rate of production by 
a variety of measures such as percent production for the year or for a 
given period. These factors have been regarded as independent of 
«'ach other except sexual maturity and persistency, which Hays (4) 
considers to be linked. Lerner and Taylor (0) have showm, however, 
that persistency as defined by Hays is determined partly by age at 
first egg, in which case the relation claimed by him would not hokl. 
Tluy used age at last egg as the measure of persistency, and found 
(hat, when (lie term is so defined, there is no evidence of linkagebe- 
twet'n persistency and sexual maturity. The object of the present 
|)aper is to determine how' certain factors known to influence egg pro¬ 
duction in chickens may affect egg jtroduction in turkeys. 

MATERIALS AND METHODS 

The first-year records obtained bj’ trap nesting all the turkeys in 
the breeding flock during a 3-year period were used. The total num¬ 
ber of these records was as follows: For 1934, 91; for 1935, 74; and 
for 1930, 73. Of these, all the 1934 records were for birds of theBronzo 
variety: but the 1935 and 1936 records inchide a few for Bourbon 
Reds, N'arragansetts, anti cross-breds. The birds wx*ro hatched in 
April and May. None of them laid before January 1 of the following 
year. All had completed their first-year record, and all were appar¬ 
ently normal. Selection was not practiced in any way except to 
exclude a few birds that became sick or dietl. 

The various measures of the factors to be considered were calcu¬ 
lated from the trap nest and other records. These include ilate of 
hatch, calculated as the number of days from the first of the year in 
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which the bird was hatched; age at first egg, in days; date of first egg 
calculated as the number of days from the first of the year m which 
the record was made (in all cases the year following the one in which 
the bird was hatched); age at last egg, m days; date at last egg, in days 
fj'om the first of the year m wliich the record was made; lengtli of laying 
year, in days (= date of last egg minus date of first egg plus 1); length 
of all pauses^ of 7 or more days; number of all pauses of 7 or more 
days; net annual rate measured by the number of eggs laid divided by 
the length of laying year less the number of days in all pauses of 7 
days or more; net spring rate similarly calculated on the basis of eggs 
laid in March and April. The choice of a 7-day period of nonproduc- 
tion as the minimum period recognized as a pause, was purely arbi¬ 
trary. Marsden {8) has also, apparently arbitrarily, selected 5 days 
as the minimum period. No attempt was made to determine the 
best methods of calculating rate or the be>st nieasiire of rate. March 
and April were, however, chosen for the spring period because rate 
of production, as calculated, was higher in these than in other mouths. 
Table 1 presents the means and standard deviations for first year egg 
production and for each of the factors correlated with first year egg 
production. 

Coefficients of correlation were calculated by the methods de¬ 
scribed by Ezekiel (7) except for coefficients of multiple correlation, 
which w^ere calculated by the method of Wallace and Sru^deoor (//). 

Table 1 .—Mmn ayid standard deviation for first-year egg production and the various 

factms correlated therewith 


Farlor 

* 

Mean 

1 Standard 
Kleviotioii 

I 

j 

1 Mean 

1 

j Standard | 
ideviation : 

! ! 


First'jenr egg production 
Date hatched i. 

_numbef 

77 

2 

30 9 

! 76 1 

' i 

I 30 3 i 

79 . 

1 

1 

29 


- , dH> s 

1 124 
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14.2 

in.7 

H 7 i 

11.5 

1 ' 

14 
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Dauj of first egg i.. 

- - . do ... 

i 57. 

.S 

14.5 

1 55.2 

17 3 

53 

7 1 

16, 
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Age at first egg,. 

. iUt . 

i 296 
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1« 8 

i 308 n 

20.7 I 

303 

0 , 

29 
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Date of lost egg i. 

do 

! 

2 , 

49.8 

! 215.4 
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21.5 
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42. 
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Age at last egg. . 
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' 4<‘h1 
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54.44'i 

1 471.1 i 

46.2 i 

464 


42 
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Length of laying year... 
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48 0 1 
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Total length of pauses 
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1 4 
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2 
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Atuuifil net rate. 

IxTcent , 

! ^>1 

4 i 

6 8 j 
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8. .5 ! 

64 
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7 
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Sxiring net rate. 

do 

1 71 

1 1 

,5 8 I 
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6H.H f 

9.(1 1 

f 

69 

I 1 

9 

C 

i J>ate IS expressed in each case as the number of days from December 31. 
was Aiay 5 (124 9 dajs), Ajiril 22 (111,7 days), and April 25 (115 4 days). 

Thus the average date hatched 


STATISTICAL ANALYSIS 

The zero order coefficients of correlation (r) are presented in table 2 
together with r, the coefficient most probably representing the true 
value for the universe from which the sample was drawn. (See 
Ezekiel (/).) The objects of presenting the data in this table are: 
(1) To determine which of the factors considered influence annual 
egg production; (2) to determine which measure should be used when 
more than one measure of a factor is available (for example, date of 
first egg and age at first egg as measures of sexual maturity); (3) to 

^ Tbe word ‘‘paus©'’. as used ber^, indutles broody and nonbroody periods. The majority of the birds 
that paused did not go broody. 
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determine whether the factors correlated with egg production are 
correlated with, or are independent of, each other. 

Date of hatch lias, apparently, no consistent influence on egg pro¬ 
duction. This conclusion would probably not apply to birds hatched 
late in the season. Of the two measures of sexual maturity, date of 
first egg is more closely correlated with egg production tlian is age 
at first egg. Date of first egg would seem, therefore, to be the more 
suitable measure of sexual maturity. Date of last egg and age at 
last egg are both highly and about equally correlated with egg pro¬ 
duction. Date of last egg has therefore been selected as the measure 
of ]>ersistency to be uniform with the measure of sexual maturity 
(date of first egg). 


Tablk 2.— Zero order coefficients of correluiion 


Variables correlate*! 


i»rodut*tion; <late hatched. 

First ear productioD; date of first cgR_ 

Firsi->e{ir i)ro<!uctiou, Hf'e at firet egg .. - 

Fir«t-yei’ir riroduclum, date of last «Rg. 

First->mr producawm, age at lost egg ... 
First-year I'ruductlon; length of UtMng year 
First'jewr product ion, length of pauses.. .. 
Firsi->enr pro<!uction, number of pauses . 

Fiivt-yoar production: annual rate. 

First-jiw production, spring rate. 

J.eiiRtb of pau.ses; date of first egg. . . 
Length of pauses; date of last egg . .. 
Length of pHu^es; length of laying yetu . 

Length of pauses: spring rate. 

.spring lute; date of first egg. 

Sijring rate, date of last egg. 

Spnnn rate; length of laying year , .. 

Spring rate, annual rate. 

Leritrih of laying yejir; date of first egg 
Lencth nf Inj mg year; date of Last egg . 

1 >atc of f5r^t egg, date of last eng. 


1934 


1933 ! 19:40 


1 . 




' 


1 


r 

r 

T 

T 

r ! 

1 

r 

-0 229 

-0 205 

-0 33<> ' 

-0 3241 

0 205 i 

+0 109 

- 4»;U 

- 4.-,0 

- 51H 

- .':oK 

- 311 ! 

-.290 

~ 170 

- 1:44 

- 193 . 

~ 154 

~ '.407 1 

- 350 


i;49 


.042 

..572 < 

r>fV4 

079 

(.r.-. 

007 

Ofil 

,520 1 

..*)10 

715 
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, 9014 : 

Hsh ; 

. 8.8ti 

. 91:4 
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Length of hiying year is more closely correlated with egg produc¬ 
tion than date of last egg. As pointed out by Lemer and 1?a3dor (/?), 
length of laying \-ear depends upon age at (or date of) fii'st and last 
egg, which in the present work, in complete agreement w^ith their data 
for chickens, are independent variables (table 2), That date of fii-st 
egg and date of last egg detennine the length of the laj^ing ^'^ear is 
sliown bv the coefficients of multiple correlation for these three vari¬ 
ables, which rangCMi from 0.970 to 1.000, Length of laying year, 
therefore, cannot logically be used as a measure of persistency. 

Length of pauses is correlated w ith egg pro<luction, w hereas number 
of pauses is not. Length of pauses is influenced date of last egg. 
There is also a significant correlation between length of pause and 
length of laying year, but this obviousb^ results from the close asso¬ 
ciation betw^een the latter and the date of last egg. 

Net rate for the year is not correlated with egg production, whei'eas 
there is a significant correlation between egg production and net 
spring rate. Spring rate and annual rate, Ihougn correlated, appear 
to be independent of other variables, except, perhaps, date of last egg. 
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The data in table 1 sliow that sexual maturity (date of fimt egg), 
persistency (date of last egg), pauses (leii^h of pauses), and rate 
(net spring rate) influence egg production. As measured by the coeffi¬ 
cient of simple correlation, date of last egg is the most important of 
the factors considered. Tlie coefficients of multiple correlation {R) 
are presented in table 3, R giving the most probable value for the 
universe from which the sample was drawn. The coe^fficient of 
multiple correlation for date of first egg and date of last egg with egg 
production has about the same magnitude as the coefficient of simple 
correlation for length of laying year and egg production. Likewise, 
when length of laying year is used instead of date of first egg and 
date of last egg with other variables, the coefficients of multiple 
correlation are about the same as when the date of first egg and date 
of last egg are used. Evidently, then, as already pointed out, the 
influence of length of laying year on the egg production of turkeys 
is simply the combined influence of date of first egg and date of last 
egg, the two independent variables that determine the length of the 
laying year. 

Table 3. — Coefficients of ondtipU correlation 


1034 193:> j I93f; 


Egg production correlated with— 
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1 




A* 

A 
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A 

1 A 

Date of first egg; date of last egg. j 

0 766 

0 7^)0 

0 752 

0 744 i 

0 683 

t 

! 0 671 

Date of first egg; length of pauses . . 

' .511 

.494 

. 595 

.580; 

. 475 

.451 

Date of first egg, spring rate. 1 

! .528 

.512 

.096 1 

686 

.486 

.462 

l>ate of last egg; length of pauses.. 1 

.884 

.881 

.882 : 

.879 

.897 

.894 

Date of last egg, spring rate. 

.672 

.663 

.716 

.706 

.610 

. 595 

Length of pauses; spring rate. 

. 356 

.327 

.477 

.454 

. 518 

.497 

Date of first egg, date of last egg; length of pauses . 
Date of first egg; date of last egg; spring fate. 

.V53 

. 951 

.928 

.925 

.918 

.914 

,773 

,764 


1 ,829 

. 720 


Date of first egg; langth of pauses, spring rate... . 1 

. .585 

. 574 

.726 

.712 

598 

. .575 

Date of last egg; length of pauses; spring rate... | 

.»00 

.897 

, .m 

.889 

.907 

903 

l>ate of first egg; date of lost egg; length of pauses; 
spring rate-. ... .- i 

.970 

.969 

.953 

.960 

.959 

i .957 

Length of laying year; length of pauses. } 

.934 

.m 

.900 

.807 

.896 

! . 893 

Length of laying year; spring rate.—. j 

.733 

.725 

.820 

.814 

.732 

.723 

Length of laying year; length of pauses, spring rate_ 

.954 

. 952 

t>43 

940 

.970 ! 

.969 


In general, when egg production is correlated with two variables, 
the coefficient of mtiltiple correlation so obtained is higher than the 
coefficient of simple correlation for egg production and either one of 
these variables (tables 2 and 3). When egg production is correlated 
with three variables, the coefficients of multiple correlation are still 
hi^er; and when egg production is correlated with all four variables, 
the highest coefficient of multiple correlation is obtained. The 
magnitude of the coefficient of multiple correlation obtained when 
egg production is correlated with all four variables is so close to 1 as 
to indicate that they; asceount for substantially all the variance in 
first-year egg production in these groups of turkeys. 

The relative importance of the four variables tliat have been shown 
to influence egg production can, as pointed out by Lerner and Taylor 
(7), be determined in several ways. The one adopted here is'the 
coefficient of partial determination that measures the reduction in 
variance, due to the added factor, after the effects of tlie other inde¬ 
pendent factors have been accounted for (table 4). 








Mar* 1 ,1938 VaviouH Factovs in Egg Production of Turkeys 


391 


Table 4 .—Reduction in unexplained variance^ for factors considered^ 1934-36 


Egg production 
correlftteci with— 

Factors already considered 

1934 

1935 

1936 

Date of first egg., 

Date of last egg; length of pauses. 

0,571 

0.366 

0.180 

Dale of Inst egg.,.. 

Date of first egg; length of pauses. 

.873 

.783 

.793 

length of pauses... 

Date of first egg; date of last egg.i 

.781 

.677 

.701 

Date of first egg... 

Date of last egg; spring rate. I 

.257 

.376 

.221 

Date of l8.st egg». . 

Date of first ^g; spring rate. 1 

.436 

.408 

,361 

Spring rate. 

Date of first egg; date of last egg,..-. ! 

.048 

.298 

. 0S5 

Date of last egg-- . 

Length of paases; spring rate... 

.782 

.736 

.755 

Length of imuses- 

Date of last egg, spring rate. 

.6.52 

.582 i 

.714 

Spring rate.. 

Date of last egg; length of pauses.. - . 

, .119 

.075 

.081 

Date of first egg.. . 

Length of pauses; sjiring rate. 

' . 249 

.379 

111 

l/ougth of pauses. 

Date of first egg; spring rate... 

‘ .091 

.0f}8 ; 

. IW) 

Spring rate. 

i>ate of first egg; length of pauses.... .- - 

: . 112 

.2.58 

149 

Date of fir.st egg 

Date of last «^g; length of pau^; spring rate_ _ 

; .670 

.,563 

.544 

Date of last egg - 

Date of first «^g; length of pauses, spring rate.-. - 

> .909 

.801 

.874 

l.*ength of paus(^ - 

Dale of first egg, date of la.st egg. spnrig rate... 

‘ .863 

810 

! 833 

Spring rate.j 

Date of first egg. date of last egg; length of pauses. 

1 .36.5 

.319 

i 4S9 


Tho values obtained in the different rears differ somewhat just 
as did those presented in tables 2 and 3. 't'he order of the majrnitudes 
is in good agreement for all 3 years. The data presented indicate 
that tile relative iin])ortance of the influence of the four variables 
considered in (hdermining first-year egg production is in the following 
order: Date of last egg, length of paiises, date of first egg, and spring 
rate. Date of last egg appears to be definitely the most important 
single factor determining egg production, whereas rate appears to be 
of haist relative importance. Net spring rate does, however, exert 
a significant, if small, influence on egg production. Although length 
of pause is eorndated with date of last egg, each of these factors 
exeils an influence on egg production apart from that of the others. 
(S<'e tables 3 and 4.) 

DISCUSSION 

The data presenteil in this paper agree with those available for 
chickens. This agreement points to the conclusion that the internal 
factors influencing egg production are similar. Egg production in 
turkeys may therefore be regarded as a complex of characters that are 
probably influenced by a number of genes just as in the domestic fowl. 

As has been pointed out above, the time factors (date of first egg, 
pauses, and date of last egg) have a gpater influence on egg production 
than tlie rate factor. One might infer that tlie factors governing 
production in turkeys differ from those governing egg production 
in chickens, except that Lerner and Taylor (7) have obtained similar 
results with nonpausing populations of Single-Comb Wliite Leghorns. 
Though tliere may prove to be some significant diflerences in sexual 
maturity in turkeys and eliickens, the data presented in this paper 
as well as those of Marsden (S) and others indicate that the resem¬ 
blances are much greater than tlie differences. 

The difference in the best measure of sexual maturity (age at first 
egg in chickens, date of first egg in turkeys) is significant. It points 
to a greater influence of environment on egg production among tur¬ 
keys than among chickens. The case has been stated in a different 
way by Scott and Pavne (fO), who point out that the reproductive 
cycle of turkeys resembles more closelv that of birds in the wild state 
than it does that of other domesticated farm birds. Scott and Payne 
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found that housing, and factors in the environment other than light, 
had no influence on the egg production of turkeys. The implied differ¬ 
ence in the sexual maturity of cluckens and turkeys, therefore, probably 
does not result from the fact that the turkeys were not housed and that 
chickens invariably are. 

Though persistency (date or a^e at last egg) has the greatest in 
fluence on annual egg production in turkeys, other factors may be ot 
equal imlportauce because of their influence on egg production during 
the breeding season. Fuithor data are needed to detemiine whether 
such is the case. 

SUMMARY 

A statistical analysis was made of the first-year records of 238 
turkeys wdiich were trap-nested in 1934, 1935, and 1936 and wWch had 
in each case been hatched in April and May of the preceding year. 

Date of hatch was not found to have any significant, consistent 
influence on egg production. 

Date of first egg was more closely correlated with egg production 
than was age at first egg. Date of first egg was accordingly selected 
as the more suitable measure of sexual maturity. 

Date of (and age at) last egg was more clos(4v correlated with egg 
production than was any other single factor. Date of first egg was 
not correlated vdth date of last egg. 

Length of laying year was correlated with e^g production, the zero 
order coefficients having about the same magnitude as the coefficients 
of multiple correlation for egg production and the two variables 
(date of first and date of last egg) that detennine length of laying year. 
The coefficient of multiple correlation for length of laying year with 
date of first egg and date of last egg ranged from 0.976 to 1.000. 

Total length (but not number) of pauses was correlated with egg 
production. Length of pause w^as correlated with date of last egg, 
but not wdth date of first egg nor wdtli spring rate. 

Net spring (March and April) rate was correlated with egg produc¬ 
tion, whereas annual net rate w'^as not. Spring rate wiis not correlated 
with date of first egg, date of last egg, or length of pauses. 

The coeflScients of multiple correlation of egg production wdth 
date of first egg, date of last egg, length of pauses, and net spring rate 
approached the maximum possible value, varjung from 0.950 to 0.970, 
a fact indicating that these four factors determine, most, if not all, of 
the variance in first-year egg production.' 

The four factors found to influence annual egg production, parti¬ 
cularly as measured bv the coefficient of partial determination, are, 
in order of decreasing importance: (1) Date of last egg (persistency), 
(2) length of pause, (3) date of first egg, (4) net spring rate. 
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A MORPHOLOGICAL STUDY OF FLOWER AND SEED 
DEVELOPMENT IN PEPPER* 

By H. L. Cochran ^ 

AsHociate horticulturist^ Georgia Agricultural Experiment Station 
INTRODUCTION 

Of the many economically important vegetable crop plants, few 
have been more neglected from the standpoint of type improvement 
than the pepper {Cajysicum frutescenH L.)* Many of the common 
varieties are lacking in uniformity of fruit shape, in thickness of flesh, 
in smallness of placenta, and in color. Most varieties are also sus¬ 
ceptible to certain destructive diseases, some of which could be con¬ 
trolled by the use of scientific methods of breeding and selection in 
producing resistant strains. Before any improvement program is 
undertaken through breeding metliods, however, the morphology of 
the flower should be better understood. A knowledge of the method 
and time of pollination, the time required for fertilization, and the 
behavior of the flower throughout its development are also important. 

MATERIALS AND METHODS 

The World Beater variety of pepper was used exclusively for this 
study. Some of the plants from which material was collected were 
grown in the experimental greonliouses of the Department of Vegetable 
Crops of the New York State C'ollegc of Agriculture at Ithaca, N. Y., 
during tlie fall and winter of 1932-83; others were grown in the horti- 
(‘ultural greenhouses of the Georgia Experiment Station at Experi¬ 
ment, Ga., during the winter of 193r)”3fl. The material for study 
was killed and fixed in a solution made up of solution A, consisting of 
4 parts of commercial 40 percent formalin and 1 part of water, and 
solution B. cmisisting of 1 g of chromic acid and 10 cc of acetic acid in 
90 cc of w'ater. Equal parts of these two solutions were mixed at the 
time they were used. The material was then dehydrated in alcohol 
and embedded in paraffin, xylol being used according to the usual 
laboratory method. Both transverse and longitudinal sections wrere 
cut, JOm to 12 m hi thickness, mounte<l serially, and stained in Heiden- 
hains* iron-alum haematoxylin. All figures w^ere drawm wdth the aid 
of a camera lucidn. 

DEVELOPMENT OF THE FLOWER 

Small {21, p, 902)^ describes the pepper flower as being solitary in 
the axils or in small cymes. The calyx is barely accrescent and has 
five wholly or partly united sepals. The corolla is usually white, 

* Heoejv«d for pubUctiUon Septembcrr 2, 1237; iasu«<11 May 1238. Paiier No. 49, Journal Series of the 
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nearly rotate, five-lobed, and imbricated. There are typically five 
stamens adnate to the base of the corolla. The anthers are bluish and 
dehisce by longitudinal splitting. The stigma is club-shaped or 
dilated. 

The time of flower piimordia differentiation in the pepper was found 
by Auchter and Harley (f ) to be influenced to some extent by photo- 
period. More recently Cochran (7) found that temperature, as well 
as photoperiod, was of great importance. The protuberance of the 
first or terminal flower of the cyme arises in the axil of a leaf and in 
some cases of a branch. The two succeeding flowers of the cyme each 



FiovKS 1.— A, IfOnicitudinal »f)ction of developing flower of cyme li, C, D, Meristeinatic region of reccp* 
tacles: B, no floral organs diflereutiated; <.\ D, sepals diflerentmting. if, Karly development of imtalh. 
I\ Sepals, petals, and stamens developing, r, receptacle; sepals; pf, fietals. stamens. All X 22A. 


arise from similar protuberances which have grown out from the base 
of the pedicel of the preceding flower (fig. 1, A), The growing apex 
or protuberance is at first somewhat conical (fig. 1, J5), but subs^ 
quently becomes flattened and broadened (fig, 1, (7). The primordia 
of the first floral organs arise on the periphery of the flattened meriste- 
matic protuberance, indicating the beginning of the sepal lobes (fig. 1, 
G, D). These rudimentary sepals curve inward, arching over the apex 
of the axis. Primordia of the second whorl soon appear in the same 
manner but are s%htly higher on the axis and are alternate with the 
sepal lobes. These give nse to the petals (fig. 1, jP). Subsequently 



Mnr. 15,1938 Flower and Seed Development in Pepper 397 

there appears on the axis and nearer the center, opposite the sepal 
lobes and alternate with the petals, a third set of small protuberances 



2 - ,4, Inilhition of and d^v^Uunuent of sepalH, petals, and stamens, X 226; H, longitudinal 

set'tlou of young dower ahovcing furUjcr dev®u»|>meiit of se^wls, imtiUs, stamens, and cwfwls; young ovules 
in maerosfmre inoilter-oeU stapw anti rriierosiwres in teirm! stage, X 4-10; 9t^ sepals, jpe, petals;stamens: 
carp, carpds; ptt^ iiollen tetrads; ov, ovules; p/, placenta. 


which develop into the stamens (fig. 1, 20* The carpels are the last 
cycle of flower organs to differentiate. They arise from the o.enter of 
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the floral axis and develop into a compound pistil consisting usually of 
three united carpels (fig. 2, A, B). A pepper flower in transverse 
section is shown in figure 4, A, The petals and stamens curve inward 
over the top of the carpels. These observations are in complete agree¬ 
ment with those of Bela {2) for the pepper and with Cooper {10) and 
Smith {23) for the tomato. 

MACROSPOROGENESIS AND DEVELOPMENT OF THE MACRO- 

GAMETOPHYTE 

The young ovules are first distinguishable as sinall^ rapidly growing 
protuberances which arise from the placental tissue (fig. 2, Ji\ fig. 3, 
A, Bj (J). Occasionally internal abnormalities, the description and 
rnorphology of which have been described by Cochran {8)^ arise 
simultaneously with the young ovules and for a while cannot be dis¬ 
tinguished from the normal ovules. The ovules soon become some¬ 
what pointed (fig. 5, A) as the result of more rapid ceil division on one 
side of the ovule than on the other, but eventually they become anatro- 
pous in form. This type of ovule is the commonest among the modern 
flowering plants, and has been found by C^hatin (6*), Cooper (//), 
Bhaduri (5), and Smith {23) to be typical for various other members 
of the Solanaceae, When the developing ovule has attained the stage 
shown in figure 4, C, the hypodermal archesporial cell, which functions 
as the macrosporc mother cell in pepper, has already become difTeren- 
tiated in the nucellus. This occurs a little before the initiation of the 
integument. The archesporial cell is distinguishable on account of 
its large size, its conspicuous nucleus, and heavily stained cytoplasm. 
The raacrospore mother cell becomes several times larger than the 
hypodermal archesporial.cell from which it arises and is enclose<l by a 
single-layered nucellus on the sides and apex (fig. 5, B), 

The primordium of the integument is not evident until after the 
differentiation of the archesporial cell. The integument arises as an 
outgrowth from the base of the nucellar tissue and continues to de¬ 
velop until it finally surrounds the nucellus and elongates so as to 
form a micropvle some 8 to 10 cells in length (fig. 5, B^ C; fig. 6, A). 
Further growth of the nucellus occurs by anticlinal division of the 
cells. The nucellus consists of a single layer of cells and is thought to 
nourisli the nascent embryo. It completely degenerates as the em¬ 
bryo sac develops. 

The much enlarged macrospore mother cell, by two successive 
divisions, gives rise to a linear row of four macrospores of approxi¬ 
mately the same size (fig. 5, By C; fig. 6 , A), The three macrospores 
nearest the micropyle soon degenerate, leaving the macrospore at 
the chalazal end to function as the one-celled embryo sac (fig. 6, J8, 
C). Before the first division of its nucleus the functioning macro- 
spore increases rapidly in size. Simultaneously with this rapid 
growth, however, the cells of the nucellus |p*adually become ais- 
organized and finally disappear (fig. 7, A, B, ' The work of Young 
{28) shows that the nucellus cells in the potato fail to degenerate- 
In a more recent study of macrosporogenesis and development of the 
macrogametophyte in the potato, however, Uees-ljeonard (19) has 
shown that cells of the nucellus disappear in practically the same 
manner as described in this study for pepper. 
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The first ganietophytic division occurs in the central portion of the 
embryo sac (fig. 6, C; fig. 7, A). The resulting daughter nuclei 
separate, one migrating toward the mocropylar end and the other 
toward the chalazal end of the embryo sac (ng. 7, J3). By two sub¬ 
sequent successive divisions, the two daughter nuclei produce eight 


carp 




Figure 4,—-yl, IVaosverse section of x}epper flower at the macrospore mother*oell and micrcHspore tetrad 
stages; same stage as shown in fi^re 2, B, Note presence of seven stamens; flve is the usual number. 
X 440. By Young ovule soon after having arisen from placental tissue. X 950. C, Developing ovule with 
macrospore mother cell. X 950. ae, Sepals; pr, petals; stamens; p te pollen tetrads; tarp, carpels; 
ov, ovule; lo, loculus; m m, macrospore mother cell; nucy nucellus, 

nuclei. Two of the eight nuclei take a position near the center of the 
sac and become the polar nuclei; three migrate to the chala^l end of 
the sac and become the antipodals; and the three remaining nuclei 
take a position near the micropylar end of the sac. Of these the two 
more pear-shaped ones become the synergids, and the rather spi^rical 
one the e^ (ng. 7, 1 ?). Guignard (jf5) as early as 1882 studied the 
developH^t of the female gametophyte in some solanaceous plants, 
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Fjoves Four roacrospor^s foraied by two successive divisions of the maorospore mother cell. B, 
Tetrad of maorospores, showing the fonctioning and three degenerating macroepores. C, one-ntieleate 
embryo sac. aac, Nucelius; m maerospores; in, integumeot;/ m, functioning megospore; dt degenerat¬ 
ing macrospore; e embryo sac; aoc, vacuole; micro, micropyie. All X OSO, 






scuifvtuWj found the same type of 
Soon alter the development of t 
yo sae, the antipodal cells bepn t 
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and by the time fertilization has taken place, only distort^ portions 
of them remain. Fusion of the polar nuclei takes place just before 
or at tlie time of fertilization. 
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MICROSPOROGENESIS AND DEVELOPMENT OP THE 
MICROGAMETOPHYTE 

Prior to any archesporial differentiation, the anthers consist of a 
homogeneous mass of meristematic tissue (fig. 8, B). However, 
when the young stamens have reached the stage of development 
shown in figure 2, A, a single row of hypodermal archesporial cells 
can be seen. These cells are easily distinguished by their deeply 
stained contents and large nuclei. The archesporial cells (fig. 8, C) 
first divide periclinally (fig. 8, />), thus giving rise to a single row of 
pollen mother cells on the inside and an outer layer of similar cells 
which divide to form the tapetum, the middle layer, and the endothe- 
cium (fig. 8, E), The tapetal cells are at first uninucleate, but sub¬ 
sequently divide and become binucleate (fig. 9, -4). Soon after the 
sporogenous cells begin to separate and round off, the cells of the 
tapetum begin to enlarge and change their original shape (fig. 9, 
J5, C). The cells are not long; some enlarge tangentially as well as 
radially and appear somewhat square, while others are irregular in 
shape. At the time of the late anaphase of the first rneiotic division 
of the pollen mother cells, the tapetal cells show signs of degeneration. 
As they grow older they gradually lose their contents which are sup¬ 
posedly absorbed by the developing pollen. They are quite distorted 
by the time the pollen tetrad stage is reached and subsequently col¬ 
lapse entirely. 

The first signs of degeneration of the middle layer are noted during 
the metaphase of the first rneiotic division. These cells seem to 
degenerate in the beginning at a faster rate than do the tapetal cells, 
although they are not entirely absorbed even at the time of pollen 
tetrad formation. Cells of the endothecium do not undergo the 
above-described change. • 

In figure 9, D, is shown the pollen mother cells in the telophase of 
the second rneiotic division with cell walls just beginning to form. 
At this time the macrogametophyte has started to enlarge, and is in 
the macrospore mother-cell stage of development. Tetrads rounded 
off and enclosed within the pollen mother cell wall are to be seen in 
figure 10, A. At the time they are set'^ree from the enclosure, the 
walls of the microspores are very thin, but later they become consider¬ 
ably thickened (fig. 10, U), The microspore nucleus, which 

contains the reduced number of chromosomes, divides to twm, around 
one of which a membrane cuts out a generative cell. The other 
nucleus develops into the vegetative or tube cell, which later grows 
out to form the pollen tube. The generative cell divides to form two 
male gametes within the growing pollen tube before the latter reaches 
the embryo sac. Mature microgametophytes are to be seen in figure 
10, O. Many microspores develop within the loculi of each anUier. 


ANTHESIS 


A close study of anthesis and fruit setting in Capswum Jf:utes€ens 
was made by the writer under both greenhouse and field conditions 
at Ithaca, In. Y., over a 4-year period. Factors conmdered in this 
work included temperature, soil moisture, soil nitrogen content, 
atmospheric humidity, and photoperiod. The first- and last-namea 
factors proved to have the greatest influence on anthesis. 




FertiUiatioti 42 hovm aft«r polUnatioD; antiiwlals deisenarating; triple fusion of two 
nuclei with sperm nucleus; egg nucleus fused with other spem nucleus, x B, iAiiigit^i^ 
of young anther prior to diflerentlation of arcbest«rial cells. X 225. C» IJow' 
anthorr x (WO. A Arcliesporial cells divided, cutting off row of pollen mother cglj on inside, xm, 
K, How' of pollen mother oelus enclosed by two rows of two-nueleato cells. X 640 de onf, 
erating antipodals; P n. polar nuclei; to it. sperm nuctous; «. egg nucleus; 

tube; e r* archesporlal cells; p m pollen mother cells; eph epidermis; endo, endotheclum; wi f, middle 
layer; t c, taiietal cells. 
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Plants in the greenhouse were grown from seed to maturity under 
four different temperatures, namely, 50° to (>0°, 60° to 70°, 70° to 80°, 
and 90° to 100° F. All otlier conditions were kept as nearly optimum 
for growth as possible. Long and normal day conditions were main- 



m I 



Fiqvbx Pollen mother cells disorganizing. B, Metapbase of first meiotlc division of pollen mother 
cells. C, Late an^hase of first meiotlc division of millen mother cells; tapetal cells and middle layer 
degenerating. B, Late telophase of second meiotic division of daughter cells, t c, Tapetal cells; p nt c. 
pollen mother oells; m I, middle layer. All X 950. 


tained under each of these temperatures. The results of tiiese studies, 
which have been published elsewhere (9), show that anthesis occurred 
sooner at the higher temperatures to which the plants were exposed. 
At 50° to 60° the time that elapsed between seeding and anthesis 
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was 135 days, whereas at 90® to 100® it was only 55 days. An thesis 
resulted in 84 days at 60® to 70° and in 73 days at 70® to 80®. Similar 


fc 



Fiourk 10.—>1, Tetrads enclosed within the walls of the pollen mother cell. X 950. if. Young t>oUen 
grains just after being freed from tetrad encasement. X 040. C Mature t^!ien graias showing one 
generative and one vegetative nucleus. X 950. m Middle layer; endo, endothecium; epi^ epidermis; 
tc, tapetal cells; fe, tetrad; g n, generative nucleus; v vegetative nucdeos. 

results witli tomato have been reported by Smith {^2). Anthesis 
occurred 10 days earlier under a 10-hour day than under a 14-hour 
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day. Pepper is therefore a **short-d^^^ type of plant, as the term 
is used for plants that produce their flower primordia in response to 
short-day conditions. 

Erwin (f^) made an interesting and thorough study to determine 
at what time during the day anthesis occurs in the pepper, and he 
concluded that the major portion of the blossoms open within 3 hours 
after sunrise. Similar results have been obtained by the writer and 
by Deslipande {12). The period of anthesis in the pepper is com¬ 
paratively short. Dehiscence normallv follows anthesis very closely, 
and in some cases is simultaneous with it. Under ordinary growing 
conditions, the petals begin to wither sometime during the second day 
and usually drop within 2 or 3 days thereafter. Temperatures lower 
than 75® r., however, materially slow-up the whole mechanism of 
anthesis and dehiscence. These findings are substantiated by Shaw 
and Khan {20) j who further observed that the mechanism in pepper 
is delayed on cloudy as well as on cold days. 

POLLINATION 

The flowers are usually self-pollinated, although some cross-pol¬ 
lination may occur. In fact, since Martin et al. {18) have found that 
Ca/pswum blossoms secrete nectar, which attracts various insects, 
one is led k) believe that cross-pollination takes place more frecpiently 
than has generally been supposed. Results of experiments conducted 
by Erwin {H) at Ames and Muscatine, Iowa, show that either self- 
or cross-pollination may occur. Similar observations Imve been 
made in years past at the Georgia Experiment Station. 

After tne pollen is deposited on the stigma it remains inactive for 
a short time under all environmental conditions. However, the most 
rapid and the highest pejxjentage of pollen germination takes place 
at temperatures ranging from 70® to 85® F. accompanied by a rather 
high relative humidity. These results are well in accord with those 
retried by Smith and Cochran {24) for the tomato. 

Blossoms produced under exc^sively high temperatures (90® to 
100® F.) and lovr humidity practically always have elongated styles. 
This elongation occurs well in advance’^of anther dehiscence, which, 
in this case, makes self-pollination unlikely.. Observations made by 
Burk {5) on the tomato show^ that length of photoperiod also affects 
style length, the style being longer under long, than under short-day 
conditions. 

FERTILIZATION 

The time that elapses between pollination and fertilisation varies 
with the temperature to which the plants are subjected. Blossoms 
that were hand-pollinated in the 70® to 80® F, greenhouse and the 
plants transferred to the 50® to 60® greenhouse produced practically 
all partbenocarpic fruits. Examination of slides made of some of 
these styles show that parthenocarpy was not due to a lack of pollen 

E nation. Because of the lower temperature the pollen tubes 
to reach the embryo sac. No tubes longer than 2 mm were 

found. 

The pollen tubes grow down tlirough the tissue of the style. At 
some time during the growth of the pollen tubes, Ihe generative 
nucleus divides, forming two microgametes. The pollen tube ex- 
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tends through the micropyle, passing between the two syner^ds and 
comes to rest near the egg. The actual discharge of the male nuclei 
was not observed because of the deeply staining contents of the pollen 
tube. One nucleus fuses with the egg to form the embryo while the 
other unites with the two polar nuclei to form the primary endospenn 
nucleus. The embryo sac at the time of fertilization, which at a 
temperature of 70° to 80° F. was 42 houm after pollination, is shown 
in figure 8, A, At no time was fertilization observed earlier than 42 
hours after pollination. The time elapsed between pollination and 
fertilization is somewhat shorter than that found by Smith {22^ 23) 
for tomato and by East and Park {13) for Nicotiana. These differ¬ 
ences may be due to differences in the length of the style in the three 
genera. The style of the pepper averages only 4.5 mm in length, 
that of the tomato 0.75 mm, and that of Nkotiana even longer. 
No doubt, too, the various temperatures under wdiich the respective 
plants were grown influenced the time element in fertilization. 

DEVELOPMENT OF THE EMBRYO 

Apparently Tognini {27) made the earliest study of embryo develop¬ 
ment in the Solanaceae. His study was not complete, including only 
a feiv stages of the development oi the embryo in Atropa belladonna, 
Datvra fitramonivm, Phymlin edulis and Sohnvm tuheromm, 

Soueges {2H), working with Atropa belladonna, Datura stramonium, 
llyoscyamus niger, Nicotiana aouminata, N, sanguinea, A\ tabacum. 
Solarium dulcamara, S, nigrum, S, sisymbriifolium, and S. rillosum, 
has reported the most complete study of the embryogenv of the 
Solanaceae. He found in all of these species that the typical four- 
<'elled embryo has its cells arranged in linear order, and these findings 
are supported by the work of Smith (23) with tomato, Bhaduri (4) 
with Nicotiana^ tflumboff ini folia, Petunia nyciaginiflora, Physalis 
minima, nnd Witmnia somnifera, and by^ the present investigation. 

After fertilization, the zygote remains in a state of rest for 24 to 
36 hours before division starts (fig. 11, ^1). Development of the 
zygote begins with an enlargement of the embryo sac, especially in 
length (fig. 11, B\ fig, 12, A), The first division of the young embryo 
(fig. 12, B) is transverse. The two daughter cells then divide trans¬ 
versely, forming a four-celled linear erabry^o (fig. 12, C). In the pepper 
each cell of the four-celled embryo gives rise to certain definite por¬ 
tions of the mature embryo, but an exception to this has been observed 
by Bhaduri {.{) in Physalis minima. In the present study, it was 
found that the cotyledons are derived from the apical cell; the hypo- 
cotyl, the initials of the central cylinder, and the cortex of the root 
tip from the cell just below^ it; the root-cap primoidium and upper 
part of the suspensor from the next lower cell; and the remaining part 
of the suspejisor from the basal cell. Further development of the 
embryo is shown iii figure 12 , D-J. As is noted in figure 12, E and F, 
the two apical cells a and b first divide longitudinally, whereas c and d 
divide transversely, thus fonning an eight-celled embryo, six cells 
in length. The next division is periclinol, which gives rise to both 
an outer and an inner group of cells (fig. 12j G). The outer cells 
form the dermatogeu while the inner ones divide transversely, sepa¬ 
rating the initials of the hypocotyl and the radicle. In figure 12, 
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J, the dermatogen, the periblem, the periblem initials, and the 
plerome have differentiated. 




Figurk Fertilized egs: in resting stage; eii<ios))erm nuclei prior to division; ontinodals degenerating 

X 950. Young zygote increasing in size prior to division; endasperm nuclei divided and migrated 
to periphery of embryo sac. X 960. C, Ovule showing endos|)erm nuclei undergoing division. X 6^. 
ae ant, l>epnerating antit)odals; me, vacuole; « tn, nascent endos^ierm; ty, zygote; em me, embryo 
sac; en, endosperm. 

A longitudinal section of the basal tip of the embryo, when the 
fruit is in the red-ripe stage of maturity sliows the root cap, the 




togen. periblem, ptorome, porlhlem initials, d«rmato|»n initials, and root can. X 440. der, Dermatogen; 
pt€, plarome; ptr, periblezn; per i, paribtom initials: der darmaiogen initials; r c, root cap. 
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dermatogen, the periblem, and the plerome (fig. 12, K), Further 
growth of the embryo and the endosperm is shown in figure 13 
figure 14, and figure 15, A-C. 

DEVELOPMENT OF THE ENDOSPERM 

The primary endosperm nucleus, formed by the union of the fused 
polars with the second male nucleus, begins to divide well in advance 
of that of the zygote (fig. 11, jB). The nuclei migrate toward the 
periphery (fig. 11, B and C), where they continue to divide very 
rapidly, soon completely filling the embryo sac. With the rapid 
growth of the embryo, a portion of the endosperm is gradually digested 
and apparently absorbed. How^ever, tliis process is so slow that it 
cannot be readily detected until approximately 20 to 25 days after 
pollination. Prior to and including this stage of development, both 
the endosperm and the embryo cells are well filled with reserve food. 
Evidently the young seedling is able to use this material until it begins 
to manufacture its own food. The inner epidermal layer of the 
integument, which in all probability also aids in nourishing the embryo, 
is easily recognized and persists until the cotyledons are well-difler- 
entiated (fig. 15^ A, B). It is the opinion of Sou^ges (25) that the 
inner epidermal layer secretes diastase, wliich causes, the central part 
of the integument to break down and subsequently disappear. After 
a lapse of 30 days following pollination, the rate of endosperm absorp¬ 
tion increases with the increase in size of the embryo. At maturity 
of the seed, however, a large portion of the endosperm still remains 
(fig. 15, O. 

DEVELOPMENT OF THE INTEGUMENT 


The integument may be detected during the early developmental 
stages of the young ovule**. Usually it makes its first appearance soon 
after the differentiation of the archesporial cell (fig. 5, J?, C) and 
portions of it persist throughout seed maturity. Two days after 
pollination, the outer epidermal cells of the integument are practically 
isodiametric (fig. 16, A). However, as the fruit and seed mature, the 
cells elongate radially (fig. 16, B), Within 25 days after pollination, 
heavy thickenings are foirned on the lateral walls (fig. 16, C). These 
thickenings continue to grow with the development of the seed, 
finally reaching their maximum size about 30 days after pollination 
(fig. 16, 2)). The thickenings are characteristically larger at the base 
of the walls than at any other point and become smaller as they 
extend toward the outer wall. These findings are confirmed by the 
earlier work of Hanausek (16), Hartwich (17), and Soufeges (25). 
Unlike the thickenings in tomato (SouAges (25), Smith (23), those in 
pepper extend the entire length of the lateral walls, and a smaller 
proportion of the integument degenerates in the pepper than in the 
tomato. As a result of this there are small depressions on the surface 
of the pepper seed, whereas on the tomato seed there are long hairs. 
In cross section, the thickenings are irregular and wavy in outline 
(fig. 16, E). 

SUMMARY 


In the development of the pepwr flower, the first |)rimordial whorl 
to appear is that of the sepals. The remaining three whorls of organs 
appear in the order of petals, stamens, and carpels. 
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The young ovule arises from the placental tissue as a small erect 
protuberance, but subsequently becomes anatropous in form. Early 
in the development of the ovule, a single hypodermal cell of the 




FiGUHtt 14.—-4, Transverse section of young ovule showing embryo 18 days after pollination; B, lonctitudinal 
section of young ovule 15 days after pollination; (% ovule 17 days after pollination; ovule 21 days after 
pollination, showing initiation of cotyledons; m, embryo; sn, endosperm; dt in, degenerating ix>rtion of 
integnnieut; in, integument: sus()ensor; cot, cotyledons. All X 225. 


nucellus is differentiated as the arcliosporial cell, which in this case 
functions as the macrospore mother cell. By two divisions, the 
macrospoy^ mother cell forms a Unear row of four macrospores of 







tion, lowing mature embryo; i% degeuerating porthn of integument; em, embryo; en, eados|)erm; 
integument; eot, cotyledons. Alt X m. 
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afjproximately the siiiiie size. The three macropsores nearest the 
micropyle soon degenerate, leaving the chalazal one which enlarges 
and becomes functional. By three successive divisions of the func¬ 
tional maorospore, the typical eight-nucleate or mature embryo sac is 
formed. Two of the nuclei take a position near the center of the sac 
and become the polars; three migrate to the chalazal end of the sac 
and become the nuclei of the antipodal cells; the three remaining nuclei 
take a position near the micropylar end of the sac; the two more 
pear-shaped ones become the synergids, and the remaining one the 
egg. The antipodal cells subsecpiently (‘ompletely degenerate as do 
those of the nucellus 

Pollen mother cells arise as a result of periclinal division of the 
hypodermal archesporial cells that form within the young anther. 
Eacli pollen motlier cell, by two divisitms, forms a tetrad of micro¬ 
spores. The sister (*ell of the pollen mother cell gives rise to the 
tapetum, the middle layer, and the endothecium. Mature pollen 
grains are two-nucleate, containing a spherical generative nucleus and 
a spherical vegetative nu(‘leus. The generative cell divides to form 
two male gametes witliin tlie growing pollen tube before it reaches the 
embryo sue. One gamete nucleus unites with the polar nuclei to form 
the endospcum while the other fuses with the egg to give rise to the 
embryo. 

The higher the teniperatun^ to which plants are exposed, up to 90® 
to 100® F., the more quickly anthesis occurs. Anthesis takes place 
10 days earlier under normal-day than under long-day conditions. 
Dehiscence normally follows anthesis very closely. 

The pepper flower is usually self-pollinated. 

The time that elai)ses between pollination and fertilization varies 
with the temperature to whicli the blossom is subjected. Fertilization 
was first observed in the 70® to 80® F. greenhouse 42 hours after 
pollination. 

The zygote docs not begin to divide until 24 to 36 hours after 
fertilization. The first division of the zygote is transverse. The tw'^o 
resulting cells then divule transvei*sely, thus forming a four-celled 
embryo with its cells arranged in linear order. This arrangement is 

a ical of most members of the Solanaceae, Each cell of the four- 
ed embryo gives rise to certain definite portions of the mature 
embryo. The cotyledons are derived from the apical cell; the hypo- 
cotyl, the initials of the central cylinder, and the cortex of the root tip 
from the cell just below^ it; the root-cap primordium and the upper 
portion of the suspensor from the next lower cell; and the remainmg 
part of the suspensor from the basal cell. 

The endosperm nuclei begin division w’ell in advance of those of the 
embryo and they soon fill the entire embryo sac. The endosperm is 
gradually digested and absorbed by the emhryo; however, at maturity 
a large portion of the endosperm still remains. 

The outer epidermal cells of the integument are at first isodianietric. 
As the fruit and seed mature, however, these cells elongate radially as 
a result of degeneration of tangential walls, and soon thenmfter heavy 
thickening form at the base of the lateral w alls. The thickenings are 
larger at the base of the walls and become smaller as they extend toward 
the outer well. 
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STUDIES ON LONGEVITY AND PRODUCTIVITY IN 
TRICHOGRAMMA EVANESCENS' 

hy lIoHArE O. Ia'NI) 2 

Formerly assistant in entomology^ Division of Entomology and Economic Zoology^ 
Minnesota Agricultural Experiment Station 

INTRODUCTION 

During recent yours entomologists have expended considerable time 
and ingenuity in an effort to utilize successfully the chalcid egg para¬ 
site lYichogramma in the biological control of certain insect pests. 
Since the results of these efforts have not been altogether encouraging, 
it is hoped that the present study of the influence of certain environ¬ 
mental factor’s upon the longevity and the productivity of the adult 
parasites may help to elucidate the problems involved. To date, the 
only comprehensive work along tliis line is that published by Schulze 
(27)}^ The results of her work are discussed in connection with the 
results of the present experiments. 

Tlie present paper records the effects of feeding, absence of host 
eggs, mating, superjiiu’asitism, diffused light, temperature, and mois¬ 
ture upon the longevity and productivity^ of Trichogramma evanescens 
Westwood. 

EXPERIMENTAL PROCEDURE 

The Angoumois grain moth, Sltotroga cerealella (Oliv.), was chosen 
as the host in these experiments largely because it is the species most 
commonly used in mass rearing for pest control. The host insects 
were reared in shelled corn, and in order to procure the moth eggs for 
parasitism by Trkhogramma, several hundred individuals were col¬ 
lected in a quart jar b,v means of a small suction trap. In this crowded 
(‘ondition, the females readily deposited their eggs, which were easily 
collected simply by shaking them out through a screen lid (22 meshes 
to the inch). After the eggs had been cleaned of debris, they were 
fastened to small bits of paper by means of dilute gum arabic, and each 
egg paper was labeletl with the date, the time, and the number of the 
vial in which tlie female parasite being tested was confined. The eggs 
w^ero then placed in the vial wdth the parasite for parasiti.sm. 

The parasites w^erc reared in small desiccators at 30°, 25°, 20°, 15°, 
and 10° C. in cabinets rc^gulated by toluene-mercury thermostats, the 
temperatures of which did not vary significantly inore than one-half 
degree centigrade. 

The moisure conditions in the desiccat/Ors were controlled by means 
of ample volumes of sulphuric acid solutions, which were changed fre¬ 
quently and were exposed to the air only as long as was absolutely 

» KectUvecI tor publication August 10, 1»37; issued May l»38. Paiwr No. 1500 of the Scientific Journal 
series of the Minnesota ARricultUral Kxperiinent Station. 
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necessnry in making the obsei*vations. It is believed that the time 
required for the atmosphere in the small reai|iiig vials to anive at an 
equilibrium with the atmosphere in the <losiocators was not signifi¬ 
cantly long, since the vials were out of the desiccators only a very few 
minutes either once or twice daily, the desiccators themselves were 
small, and the tops of the vials were never more than 2}i inches above 
the surface of the liquid. The desiccators, unless otherwise stated, 
were covered with a heavy coating of black paint to eliminate any 
possible effect of light variation. 

In testing the effects of temperature, an attempt was made to elimi¬ 
nate moisture as a variable factor, i. e., to maintain moisture conditions 
such that the total evaporation during the period of exposure would be 
about the same at each temperature. Mellanby (IS) points out that 
this state of affairs is realized only when the products of the exposure 
times and the saturation deficiencies (expressed in millimeters of mer¬ 
cury) are constant. Such constant products were attained very well 
at the three higher temperatures usea (30^, 25®, and 20® C., where the 
products were 52.5, 50.0, and 50.0, respectively, for development, and 
30.0, 30.0, and 26.2, respectively, for adult longevity), but at 15® and 
10®, the use of a sufficiently low’ saturation deficiency to produce a 
constant product was deliberately avouled for fear of tl\e development 
of mold, and, as a consequence, the total evaporation was somewdiat 
greater at the two lower temperatures than at the other temperatures. 

The experimental procedure was so planned and controlled that the 
following facts could be recorded: The conditions umler which each 
immature and adult parasite was reared? the time of oinergence of the 
parent parasites from the host eggs; the time that these recently 
emerged males and females were placed together; the time doling 
which each batch of fresh host eggs was parasitized; the number of 
host eggs parasitized in eaVh batch; the sex ratio of the emerged prog¬ 
eny; and the time of death of each parent parasite. (The parasites 
were considered to be dead when they were no longer able to walk.) 

The actual procedure in setting up an experiment was as follows: 
Fresh host eggs were carefully selected under a binocular dissecting 
microscope (30 X) and transferred individually onto graph paper 
(lined to one-tenth of an inch), to which they w^ere fastened with 
dilute gum arabic, according to the method of Salt (£3), Batches of 
100 eggs so arranged were then placed for parasitism in 3- or 4-dran) 
vials stoppered with corks containing )i-mch perforations covered 
with sUk bolting cloth. These vials were maintained under controlled 
conditions until the progeny began to emerge. Within 12 hours 
(24 hours when reared at 20® C. or lower) after the first emerang 
progeny appeared, the egg papers were removed and each individum 
parasitized host egg was cut away from the others and dropped into 
a separate K~dram vial stoppered with a cork containing a )i-inch 
perforation covered with silk boltir^ cloth. These vials were then 
replaced immediately in the original condition, where the parasites 
completed their development, each vial being checked at intervals of 
12 or 24 hours for the emerged parasite. On emergence of the para¬ 
site, the vial was emptied of its host-egg paper and numbered, The 
parasites were then fed, paired, given host eggs, etc., as desired and 
placed under the environmental conditions in which it was intended 
that the adults should live and die. 
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Each 12 or 24 hours until death, fresh moth eggs were presented to 
each female for parasitism. At the same time, the previous paper of 
was removed and placed at a uniformly favorable condition of 
25° C. and 5-mm saturating deficiency (hereafter referred to as the 
‘'standard condition^’) for the incubation of the contained parasites. 
In order to make sure that the maximum capabilities of the females 
under the particular conditions were being expressed, many more host 
eggs were presented in each case than could possibly be parasitized. 

After about 2 weeks (ample time for the parasite progeny to emerge 
and die) the egg papers were removed from the incubation \dals and 
the parasitized nost eggs on each paper counted. This was accom¬ 
plished readily because of the fact that parasitized Sitotroga eggs 
invariably turn black. The number of blackened host eggs was 
token to represent the productivity of the female parasites. This being 
the case, it should be mentioned that in the writer’s experience, 
Sitotroga eggs turn bla(‘k only when parasitized. In several thousand 
black host eggs dissected, all contained parasites. Furthermore, it is 
fairly safe to assume that each blackened host egg contained only 1 
parasite, since only 5 of 520 (0.96%) parasitized Sitotroga eggs cleared 
in lactophenol solution contained two developing parasites, and 
Salt (^4) has shown that T, evanescent definitely avoids superpara¬ 
sitism—especially when an abundance of host material is present. 
It is true, however, that some of the parasite progeny deposited in 
host eggs may have died, for some reason or other, before they reached 
the late larval or earlv pupal stage (at which time, apparently, they 
cause the coloring of the host egg) and therefore failed to leave visible 
evidence of their having been produced. The female parasites 
received credit in these experiments, therefore, for only the number of 
their progeny that completed 2 or 3 <lays of development under the 
standard condition. 

At the same time that tlu‘ parasitized host eggs were counted, the 
I'luerged parasite progeny were removetl to a clmp of clear mineral 
oil, wliere they coiikl be manipulated convenientlv under a micro¬ 
scope and tlie sex determined. The sex ratio in Trichogramma is a 
(‘onvenient indicator of whether or not a particular female has been 
impregnated, since virgin females produce only male offspring. Thus 
the partical or complete impotence of the male is reflected in an 
abnormally low sex ratio. 

LONGEVITY AND PRODUCTIVITY AT THE STANDARD CONDITION 
(26^ C. AND 6-MM SATURATION DEFICIENCY) 

The insects considered in this section were kept at the standard 
condition throughout both their developmental and adult periods. 
The data on the average longevity of Isolated pairs of honey-fed 
males and females and the number of progeny produced by them 
when they w^ere riven fresh host eggs in which to oviposit immediately 
after pairing and at regular half-day intervals thereafter until death, 
are summarized in table 1. 

The figure 66.1 ±2.5 for the number of progeny per female is con¬ 
siderably larger than that given by Schulze (27), who found a mean of 
43.2 parasitized Enhestia eggs per female. This discrepancy in results 
may he due to a difference in method, host, or strain of parasites. 
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Table 1. —Productivity (host eggs turning black) and longevity of fed pairs at 25^ C. 
and S-mm saturation deficiency 


Item 


Kongo 

Mean rfc S. E. 

c. v. 

Progeny. 


_number.. 

70 

1 

15-114 

06.1:b2.5 

31 8 

9 longevity. 



71 

1-13 

6.3db . 3 

40.0 

c? longevity. 


.do_ 

03 

1-0.6 

6.7d= .2 

30.3 


i Number of parasites tested. 


Bowen {6) reared what is probably Trichogramma evanescens (see 
Flanders (//)), at room temperature (75°~80° F.) in bagworm eggs 
{Thyridopteryx ephemeraeformis (Haw.)) and found that 42 females 
averaged 37.0±2.1 progeny, a figure that approximates that given by 
Schulze. The difference between this figure and that given in table 1 
is very probably due also to the differences in host and method. 

The distribution of the egg laying through the life of the female is 
indicated in figure 1. 



AGE (DAYS) 

Fiquke l.—Kggs laid as related to ago of adult wben kept at 25<* C. and & mm saturation deficiency. 

It will be noticed that almost half (26.75 eggs or 40.5 percent) of the 
total number of eggs is produced during flie first 12 hours of the 
female's life. This curve differs from toe one given by Schulze in 
that it indicates no rise in the number of progeny produced after the 
fifth day. 
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The longevity of mated and fed females reared in Sitotroga eggs at 
25® C. is 6.3 ±0.3, with a range of 1 to 13 days. Schulze gives the 
figure as 13 days, but presents none of the data used in arriving at 
that figure. Bowen gives the figure as 5.17±0.29 days based upon 
42 females reared in Ephestia eggs. The writer found that the 
longevity of paired, fed males is 5.7 ±0.2 days, not significantly dif¬ 
ferent from the figure for the females. Most of the males die between 
the fifth and seventh days after emergence however, whereas death 
of the females is more evenly distributed between the extremes of the 
life span. This greater spread in length of life of the females is also 
shown by their coefficient of variation (table 1). 

The sex ratio of 1,788 progeny from females paired with males is 
0.66 female, the ratio remaining about constant throughout the period 
of production. 

When the longevity of the mated females is correlated with their 
egg production, a significantly high correlation coefficient of +0.639 ± 
0.071 is obtained. This is explained best by assuming that the longer 
lived females are fundamentally capable of greater egg production, 
and not merely that they have more time in which to lay eggs. This 
must be true since during the first 2 days 76.0 percent of the eggs are 
produced, at the end of which time 92.9 percent of all the femdes are 
still living. In other words, higli total egg production is correlated 
with high production in the initial period of egg laying. Thus the 36 
highest producers (averaging 82.2 total progeny per female) produced 
57.9 progeny the first 2 days of production; Miule the lowest 34 pro¬ 
ducers (averaging 49.1 total progeny per female) produced only 40.8 
progeny during the first 2 days. 

INFLUENCE OF DIFFERENT FACTORS ON LONGEVITY AND 

PRODUCTIVITY 

EFFECTS OF FEEDING 

At the standanl condition, those adult parasites that were fed on 
dilute honey placed in a thin streak on the inside of each vial, lived 
significantly longer than star\"ed parasites. This was true of iso¬ 
lated females, isolated males, male-female pairs, and female-female 
pairs—whether host eggs were available or not. In all cases, more¬ 
over, fed females produced significantly more progeny than starved 
females. The data for virgin females in table 2 are representative of 
the results obtained in all the combinations tried. 


Table 2. —Productivity (black host eggs) and longevity of fed and unfed virgin 

females 


It^ra 

Fed virgins 

Tnfed virgins 

Fed virgins minus unfed 
virgins 

N 

Meaiiab 

S. E. 

N I 

1 

Mean* 

S. E 

Difference* ! 
S. E, 

Difference 

S. fe. difference 

Progeny. nun)t>6r. 

93 

81.5*2.2 

79 

60.8*1.7 

i 20.7*2.8 

7.4 

Umgevlty, days. 

93 

6.4*. 3 

79 

3.11*. 1 

3.1*. 3 

10.3 
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These data confirm, in general, the findings of Schulze (;^7), Peterson 
{$1), and List and Davis {16) and indicate that feeding the parasites 
before liberation in the field will heighten their effectiveness by 
increasing both their longevity and their productivity, 

EFFECTS OF WITHHOLDING HOST EGGS 

In these experiments, conducted at the standard condition, host 
eggs were withheld from fed vir^ females for 48 hours, for 72 hours, 
and for the entire duration oi the life of the female. In table 3 
longevity and productivity of the females under each of these con¬ 
ditions are compared with those of females that were kept in the 
presence of fresh host eggs throughout their lives. 

It is evident that virgin females live lo^er in the presence of host 
eggs than in their complete absence. This is in accordance 'with the 
findings of Hase (/5), who suggests that the longer life in the presence 
of host eggs may be due to the habit of the female of feeding on the 
minute droplet of liquid exuding from the puncture in the chorion of 
the host egg from which she has just withdrawn her ovipositor, and 
may explain in part the pronounced effectiveness of the parasites in 
the fiela in times of host abundance and their utter ineffectiveness in 
times of moderate or meager host abundance, smee the finding of a 
readily available host egg by the female parasite in itself increases her 
effectiveness by lengthening her life. 

On the other hand, if the host eggs are withheld from 'virgin females 
for 48 or for 72 hours, longevity is unaffected, but proauctivity is 
significantly reduced. Thus the egg-laying ability of females that 
are prevented from ovipositing diminishes with increasing age, even 
though half or two-thirds of their life span remains after the host 
eggs are given them. Scjiulze (^7) found that if females were deprived 
of host eggs for as long as 5 days, their longevity was not reduced. 
Since, however, the productivity of females diminishes rapidly after 
emergence, the advantage of liberating young parasites in field control 
measures is apparent. 


Table 3. —Productivity (JblcLch host eggs) and ^ngevity of virgin females given host 
eggs at once compared with those of females from which host eggs were withheld for 
various lengths of time 


i 

Treatment and factors ob8erve<l 1 

N 

Meani S. E. 

Diflerenced: 
S. K. 

Difference 

S. E. difference 

Host eggs given at once: 

Progeny____ . .iininber.. 

Oft 

03 

30 

30 

23 

23 

81.5d=2.2(l) 
e.4±.3 (1) 

64. 7±4 .1 (2) 

6 3d:. 6 (2) 

44.7dr4.2(3) 
7.3±.5(3) 

> 26.8dt4.7 
Md- 7 

»36,8*4 8 

longevity.days.. 

Host eggs withheld 48 hours 

Progeny—.number— 

Longevity....-.days.. 

Host eggs withheld 72 hours: 

Progeny._ n uin Iter 

Longevity.days- 

Host eggs withheld entirely: 

No progeny..-.. 

5.7 
.1 

7.7 
1.5 

Longevity .days— 

31 

4.8d:,3(4) 

«2.1d:,4 

5.2 


»(1 minus 2). «<i minus 3). «<i minus 4). 


EFFECTS OF FAIHING 

In Uiese experiments the fed females were ^iven host eg^ immedi- 
ately upon emergence but were indiTidually isolated for 24 hours or 
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for their entire lives at the standard condition. In table 4 the lon¬ 
gevity and productivity of these females are compared with those of 
females kept in the presence of males from the time of emergence 
until death. 


Table 4.—- Productivity (black host eggs) and longevity of females paired with males 
immediately compared with those of females whose pairing was delayed 


Treat ment and factors oh.served 


Pairing immediate' 

Progeny . nuralier..' 

Longevity . . . . ..'days I 

Pairing <l«lay©d 24 hours I 

Progeny . .niimt>er 

Longevity . . . ... days . 

Pairing entirely prevented 

Progeny . . mimlier 

liOngevity .da>s 



MeaiiiS E 

1 DifTerentresh 

Difference 


S. E 

S. K difTereuee 

70 

Hf>. 1±2 .5 (h 

6 3db .3 (1) 1 

1 

i . ..... 

71 



2.5 

06 ft±4 2 (2) 1 

» 0.7rb4.i# 

i 0 1 

2.5 

7.0± .6 (2) 1 

j 

^ 7dt: 7 1 

1 10 

0.5 

HI r)-h2 2 (3) 1 

* 1.5 4±3 3 i 

4.7 

Wi 

6 4± 3 ^3) 1 

i * Izfc 4 1 

: • 


>2 minus I. ^ 3 minus 1 

The data in table 4 indicate that, altliough the longevity of the 
females is unaffected by pairing, there is a definite increase in the 
number of progeny when the females remain virgin throughout their 
lives. Evidently the presence of tlie male in some way inhibits 
ovi])osition. That the mere presence of another insect, rather than 
the disturbance caused by the act of copulation itself, is responsible 
for the lower productivity of paired females is suggested by the fact 
that the presence of a second female has the same effect as the presence 
of a male (A" ~80; average productivitv in female-female pairs=: 
(17.112.5). 

Sclmlze (27) also found that unimpregnated females produced more 
progeny than impregnated females (48.4:43.2), and Peterson {21) 
states that unfertilized females produced ‘‘as numerous” progeny as 
did the fertilized. On the other hand, Hanson and Ferris {12) found 
that mated females of Drosophila melanogaster Meig., a species that 
does not reproduce parthenogenetically, lay from 1.6 to 2.0 times 
more eggs than do virgins, the presence of the male stimulating, rather 
than inhibiting, oviposition. 

Females given host eggs immediately upon emergence but denied 
the opportunity to mate until they are 24 hours md, do not differ 
either in longevity or productivity from females mated immediately 
upon emei*genco. Males, however, that are denied the opportunity 
to mate until they are 48 hours old live significantly longer than males 
jiaired immediately upon emergence (inean=6.6 aays as against 5.9 
days; differences. E. difference=2.9). That male potency is un¬ 
affected by this delay in mating is indicated by the fact that a normal 
proportion of the progeny produced immediately after pairing is made 
up of females (0.68 female in 1,112 progeny). 

EFFECTS OF SUPBRPARASITISM 

The data discussed in this section refer to fed pairs, each consisting 
of a male and a female parasite reared in the same Sitotroga egg under 
the standard condition. The data were assembled from records taken 
on scattered cases of superparasitism encountered in the course of 
several experiments, and are presented in table 5. 

02280—as-8 
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Table 5. —Productivity {black host eggs) and longevity of pairs reared to maturity 
in separate host eggs compared with those of pairs reared in the same host egg 


Itom 

Pairs from separate 

host ORRS 

Pairs from the same ; 
host egR 

i 

Pairs from separate host eggs 
minus pairs from the same 
host egg 

! 

N 

MeanrtS. E. 

N 

MeandbS. £. 

Differenced 
S. E. 

Difference 

S. £. difference 

PrOReny. 

DUinlH»r_ 

70 

60. I=t2 5 

10 

.U. 9db3. 2 

14.2d4.1 

3.5 

91onRevity.. 

...days . 

71 

6.3d= .3 

20 

6.6db . 6 

-.3d .6 

.5 

<^longevity_._ 

... do_ 

(W 

5. 7^ . 2 

n 

3 .4 

2 3d ,4 

5.7 


Wliile the number of cases is small, it is evident from table 5 that 
crowding of the immature stages of both male and female into the 
same host egg significantly reduces the number of progeny. The 
longevity of the male is reduced while that of the female is unaffected. 
In all except two of these cases of superparasitism, the male was very 
small and wingless, while the female, although definitely smaller than 
her normal sisters, was fully winged and considerably larger than the 
male. In superparasitized Sitotroga eggs the female is apparentl}'^ 
able to thrive at the expense of the male. The dwarf males, however, 
are sexually potent, as is indicated by a very high proportion of female 
progeny produced by these pairs (sex ratio is 0.82 female in 495 
progeny examined). 

Paralleling these finding on T, evantscens are the data of Alpatov 
(/), who found that undersized females of Drosophila melanogaster 
(larvae taken from their food prematurely) lived just as long as normal 
females and (£) that underfeeding reduced productivity. Norris (SO) 
found also that the nurfiber of eggs produced by Ephestia kuehnidla 
Zell, was reduced by rearing on an abnormally small quantity of food. 

EFFECTS OF DIFFUSED LIGHT 

In these experiments, fed virgin females were exposed to a constant 
diffused light throughout their adult Iwes at the standard condition. 
The source of the light was an ordinary Mazda bulb suspended 9 
inches above the double-glass top of the temperature cabinet, and the 
intensity, as measured on a Western Electric photometer, was about 
75 foot-candles. 


Table 6 . —Effect of diffused light upon the productivity {black host eggs) and Ion- 
gevity of isolated virgin females 


Item 

Virgins kept in dark- 
n^s 

. 

Virgins kei>t In light 

Virgins in dnrkness minus 
virgins in light 

N 

i 

MeandS. E. 

N 

MeandS. E. 

Differenced 
6. K. 

Difference 

S.' gi; ^'iierence 

ProRimy. numlH^r.. 

Longevity. days . 

95 

03 

S1.5d2.2 
6.4d .3 

64 

m 

76. Hd2 9 

7 2d 3 

4, 7d3.6 
-.8d .4 

2.0 


It will be seen from table 6 th^t there is no significant difference 
between the number of progeny produced by virgins kept in the 
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and those kept in the dark, but the longevity of females in the lighted 
desiccators is slightly greater than that of females kept in the dark. 
This is contrary to what other workers have found. Thus, Peterson 
{2U P- states: ^^There is strong evidence in the writer^s investiga¬ 
tions to show that more eggs are parasitized on bright days than on 
dull cloiuJy ones. In artificial production, the correct intensity of 
light is important.’’ And Flanders (.9) writes: “Light intensity ap¬ 
pears to be the dominating influence in the activity of Tr 'ichogranunaP 
It may well be that th(^ effects of light aiid temperature were not 
differentiated by tliese observers, but it is also possible that differences 
in tlie intensity of the light and its spectral composition inay^ account 
for the discrepan(*ies between the observations of Peterson and Flanders 
and those indicated in table (>. The present lunited observations, 
however, suggest that light may be of less importance in artificial 
rearing than has been supposed. 

EFFECTS OF TEMPEHATUKE 

IOffect^ of Tempeha'iI'UE AcriN<j I'pon ihe Adclts 

Tn these ex[)crimeuts, the parasites were all reared from egg to 
maturity at the standard condition of 25^ and o-nim saturation 
deficiiMicy. Immediately after emergence the adults were fed, paired, 
and placed at the temperatures indicated in table 7, wdiere they 
remained for the duration of their lives. 

In making the daily observations on the parasites ke]>t at 20®, 15®, 
and 10® the exposure to room temperature averaged somewhat 
less than 2t, minutes each day, wdiereas in tlie experiments run at 
25® and 30®, the morning and evening exposure to room temperature 
totaled less than 10 minutes daily. 

7. }*roiluctivxt\j [black hoM ('99^^ longevity of pairs at successti'c /'C' 

tf mprrat un intcrvals 
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It will be noticed from table 7 that the longevity of the adults is 
inversely related to the temperature down to 15® C., below which life 
is scarcely, if at all, prolonged. The number of progeny produced 
holds a fairly constant level from 30® down to 20®, but drops off 
sharply below this. From general work on temperature optima, 
however, it seems likely that a more or less definite optimum point for 
egg production in Trirhogramma lies somewhere between 30® and 25®. 
It would appear that 10® is about the lowest temperature at which 
the mechanism of oviposition in T, emnescens can function. 

Although Schulze {^7) does not state the number of cases upon 
which her data are based nor the humidity conditions to which the 
parasites were exposed, she gives the average longevity of Trichogramma 
at 25® C. as 13 days, and at 29.5® as 5 days. Both of these figures 
are considerably larger than the corresponding figures in table 7. 

Schulze’s figures for productivity at different temperatures (10.0 
at 15® C. and 34.0 at 29.7®) are much lower than those in table 7. 
This is ])n)bahly due to the fact that she incubated the parasitized 
host eggs at the temperature at which parasitism took place. Thus 
she measured the effects of adverse temperatures upon both egg pro¬ 
duction and egg development rather than upon egg production alone. 
She used Ephestm eggs rather than Sitotroga eggs as host material. 

Data are given by van Steenbui^h {2S) for 12 isolated females of 
a '^gray strain” (probably T. emnescens) kept at each of four tem¬ 
peratures roughly comparable to those given in table 7. The wide 
discrepancies in results would certainly seem to indicate that some 
gross difference in species or method must exist. 

The general fact illustrated here of the increase in adult longevity 
in insects with a decrease in the temperature to which the adults are 
exposed was pointed out.by Pictet as earlv as 1913 (cited by Uvarov 
{SO) and by Baumbeiyer {4) in 1914. This same relationship was 
found to be true lor Urosophila by lx)eb and Northrop (/6*, 17) and 
Alpatov and Pearl {3)^ and for several species of insects by Janisch (/4). 

From table 7 it will be noticed that at all temperatures the females 
live longer than the males (ratios of mean differences to the standard 
errors of the differences at 30® and 20® Q: are 3.3 and 3.0, respectively); 
but at 25® and 15® the difference are statistically insignificant. It 
seems likely that the general rule is a greater longevity in the females 
than in the males, even though the data at 25® and i5® are not con¬ 
vincing on this point. 

The existence of an optimum temperature for c^gg production in 
insects has been recognized for some time. This is indicated, for 
example, in the work of Ewing (8) on Aphis acenae f'ab.; Titschak (^9) 
on Tineola buelliella (Hum.); Schubert (SO) on Pusma quadrata 
Fieb.; and Monusan (19) on Acantfvocelides ohUctus (Say). 

As for the distribution of the egg laying throughout the lives of the 
females included in the present study, it may be said that the number 
of progeny produced on the first day varies directly with the tempera¬ 
ture, the oviposition tending to stretch out over a longer period at the 
lower temperatures. 

Table 8 indicates the relative numbers of females produced by 
parasites kept at the different temperatures. It would appear that 
any variation from 2S® C. lowers the relative number of females. 
The explanation probably lines in a differential stimulation or inhibi¬ 
tion of i^jMation or oviposition rate. 



Mar, 16 ,1938 Longemty and Prodvctmty in Trichogramma emn^scens 431 

l^ABLE 8." Sex ratios of the progeny of pairs placed at different temperatures imme¬ 
diately after emergence 


Temrx'ra* 
tun' (®<M 

V/total 

Total 

counted 

;«) 

0.43 

4.2:t2 

26 1 

.60 

1,78H 

2)» 

52 

6,620 

1 16 

37 

2.6<W 

U) 

. 28 

67 


Since the insects live much longer at 20° than at 30° C. (and length 
of life is certainly a variable upon which tlie ability of the parasite to 
find its hosts is at least partially dependent) and since the difference in 
productivity at the two temperatures is relatively small, there would 
seem to be some advantage in liberating the parasites for inundative 
field control (Flanders (10)) when the temperature is between 20° and 
25° rather than 25° to 30° or higher. 

Kffec'Ts ok Tempehature A('ting Tpon the Immature Stages in the Host 

Kggs 

In tlu* experiments treated in this section, the Trichogramma were 
reared to maturity at 30°, 25°, 20°, or 15° V. hut were allowed to 
spend tlieir adult lives at the standard condition of 25° and 5-mm 
saturation deficiencv. Tims the influence of these several tempera¬ 
tures upon the development of the sexual functions and products was 
tested at a single temperal\ire. The effects of a temperature of 10° 
acting tipon the immature forms could not be determined, since about 
900 parasitized host eggs failed to produce a single adult at this 
temperature. 

It will be noti<*ed in table 9 that the longevity of both males and 
females at the standard condition is reduced as the temperature at 
which the immature stages are kept is loweretl. On the other han<k 
rearing at either higher or lower temjxeratures than 25° C, reduces the 
subsequent productivity at the standani condition. 


Table 9, Productivity (black host eggs) and longevity at V. of pairs reared to 
maturity at different temperatures 


'rrealrneiu ami facL'rs oLwrvwl • 


j^^eanJ.S K. 


Dilterepwj- I 

|S K. ditTetence 
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ar 
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71 
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63 
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Trichogramma adults arc extremely active at 25° C. after they have 
been reared to maturity at 15°. The physiological explanation of this 
excessive activity is not apparent, but it may partly account for the 
short lives of the adults. 

Apparently very few attempts have been made to distinguish be¬ 
tween the effects of temperature upon the development of the sexual 
functions or products and upon the immediate expression of tliose 
functions or products, i. e., the ultimate sexual effects of temperature 
acting upon the miniature stages or upon the adults. Kidmann (7) 
found that when lepidopterous pupae w^ere placed at a low temperature 
(unstated), the emerged adults produced fewer eggs; and rospelov 
(cited by Uvarov (30)) states that in most species of Lepidoptera, 
high temperatures do not affect the development of the ovaries. Bliss 
(J, p. 852) correlated egg production in several species of leafhoppers 
wdth the temperature the day previous to oviposition and concluded 
that ''temperature was found to condition oviposition more by its 
indirect effect upon egg development than by its direct action on egg 
deposition.^’ Alpatov (2) found that when Drosophila is reared at 
^10° C., it produces fewer eggs at 25° than does an insect reared at 19°. 
Data presented in table 9 indicate that the opposite effect is produced 
on Trichogramma, 

By reference to table 10 it will be noted that the j)rogeny of parasites 
developing at 15° C. are preponderantly male, i. e., developed from 
unfertilized eggs. This low^ sex ratio must be due to a reduced potency 
of the male parents reared at 15°, since the number of male progeny is 
consistently higher than the number of female progeny throtjghout "the 
lives of the parent females, thus indicating that the females have not 
been properly impregnated. 

Table 10. - Sex ratios of llw progeny of pairs reared through (heir immature stages at 

different te m peratu res 


' Teinpertt* { 


2 ,> 

20 


I tolai j 

I 


r«iinU‘«l 


0.62 
.60 
.57 
.42 


i,76H 

2y42S 


Peterson (22) and Schread and (birman (25) note that wdien para¬ 
sitized Sitrotroga eggs are kept uiuler certain conditions of refrigera¬ 
tion, a change in the sex ratio of the emerging parasites occurs. This 
is undoubtedly a matter of selective mortality between the sexes as 
was pointed out by Peterson (22)^ and not the result of an actual 
alteration of the geim plasm. The data in table 10, however, indi¬ 
cate that a real reduction in the potency of the males is effected if 
they are reared to maturity at low temperatures. 

The longevity and productivity of parasites as affected by tempera¬ 
ture acting either upon the immature stages or upon the adults— 
are summarized graphically in figure 2. 

It appears from tables 9 and 10 and from figure 2 that adults to be 
libera^d in tlie field in a pest-control project should not be tiiose 
emerging from host eggs which, for the purpose of retarding devel¬ 
opment, hair^ been kept at a temperature lower than 20° C, for if 
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such adults are used, the lower sex ratio of their progeny, their markedly 
shorter life, and their reduced productivity, will rc/duce the probability 
of success. It would seejin that artificial rearing at about 25° to 30° 
is conducive to a longer life and a greater number of eggs in the field, 
the greater longevity at 30° being about oflset by the greater produc¬ 
tivity at 25°. In building up populations in the*laboratory, however, 
30° C. is probably a more efficient rearing temperature tlian 25°, 



t6 20 25 30 15 ?0 25 30 15 20 25 30 15 20 25 30 

TEMPERATURE (“C ) TEMPERATURE (“C.) 


FioCRK 2 'KfT.vt*. u|h>ij the urodtjctn it> aihl feiunlo h>nt?e\ ity of 7 nchftgramrna. 

since the reduction in development time at 30° (about one-third less 
than at 25°) certainly more than offsets the advantages of higher 
productivity at 25°. 

EFFECTS OF MOISTURE CONOITIONS 

Quantitative <lata on the effects t>f humidity upon the longevity 
and productivity of inswts are rare and, so far as the writer is aware, 
no attempts have been made to differentiate between the effect ol 
moisture upon the development of the sexual capabilities and upon 
the process of oviposition itself. Ortainly nothing of this sort has 
been done for Trichogramma. 

Effects of Humidity Actino Tpon the Adults 

In these experiments, the parasites were reared to maturity at the 
standard condition of 25° C. and 5-mm saturation deficiency, and 
immediately after emei^ence w’ere fed, paired, and placeil at atmos¬ 
pheric conditions of 0-mm (saturation), 5-mm, 10-mm and 15-nun 
saturation deficiency. In table 11 the longevity and productivity 
at these successively drier conditions are compared. 

It will be noticed that at a saturation deficiency of 10 and 15 mm tlie 
longevity of both males and females is markedly reduced. Since the 
products of tlie saturation deficiencies (governing rate of evaporation) 
and the longevities (duration of evaporation) at 10 and 15 mm are 
about equal (48.0 and 45.0 respectively for the females and 44.0 and 
36.0 for the males) the total amounts of water evaporated from the 
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parasites at these two conditions were about equal. This would 
indicate that in these cases the limiting lethal factor is probably 
desiccation and that the desiccation limit is around 40 mm— days. 

Tabi.k 31 .—Productivity (black host eggs) and longevity of pairs spending their 
adult lives at different moisture conditions 
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Since death in a saturated atmosphere must be due to otlier causes 
than desiccation, and since the longevity is about e(jual at saturation 
and at 5-mm saturation deficiency, death in the latter case also must 
be due to other causes tlian desiccation. In other words, tlie adult 
parasites are able to live out their normal span of life at about 5-mm 
saturation deficiency or lo^ er, but at lO-mm or higher the longevity is 
markedly reduced as a result of the drying effect of the atmospliere. 
It will be noticed, though, that the efl'eets upon productivity are much 
less pronounced than the eflfects upon longevity. This is to be ex¬ 
pected since, due to the characteristically Jiigh initial egg pnxluction 
by Triehogramma, the detrimental effects of high water loss should 
not be reflected in the reduced ovipositic® of the female until most of 
her eggs have already been laid. 

The general nature of the egg-laying curve is about the same at 
the various moisture conditions as at tlie standard condition (see 
fig. 1), a more rapid termination as a result of a shorter life at 10- and 
15-inm saturation deficiency being the only apparent difference. 

The sex ratio of the progeny is reduced as the humidity is lowere<I 
(table 12). This reduction is apparently due to the reduce<l initial 
copulation activity of the males at low Immidities, since after the first 
laying period the sex ratio abruptly returns to nomial. 

Table 12. —Sex ratios of progeny of pairs kepi at various humidity conditions 


Saturation 
deficiency 
(mm Hr) 

Females 

total 

Total 

counted 

0 

0.67 

2,310 

5 

.00 

J,788 

10 

,44 

2.47ft 

15 

.39 

2,200 
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The (lata in tables 11 and 12 on adults placed at four different 
humidity conditions, suggest that field liberations can be made to best 
advantage when the saturation deficiency is 5 inm or less, i. e., when the 
relative humidity is above 84.3 percent at 30° C., 78.8 percent at 25°, 
or 71.6 pendent at 20°. 

In building up laboratory stocks, where longevity is not of much 
importance, since host eggs are usually presented to the parasites 
shortly after their emergence, any saturation deficiency less than about 
10 mm, i. e., relative humidities above 68.6 percent at 30° C., 57.0 
percent at 25°, or 43.0 percent at 20°, should be satisfactory. 

Kffec'ts of Humidity Ac ting Tpon the Immature 8ta(3Ks 

In these experiments, the parasites were reared to maturity at 25° C. 
in atmosj)heiTs of 0-mm (saturation), 5-mm, and 15-mm saturation 
deficiency. Within 12 hours after emergence all adult parasites were 
fed, paired, and placed at the standard condition where they remained 
for the rest of their lives. Thus the influence of high and low humidi¬ 
ties upon the developmcmt of tlie sexual structures and products was 
tested at the single (‘ondition. The results of these experiments are 
present(Hl in table 13 

'Pahi.e 13. - Productivity (black boat eggs) and longevity at b-mm saturation deficiency 
of pairs reared to maturity at 0~mm, at o-mm, and at lo-mm saturation deficiency 
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It will be seen that the humidity in which the parasites are reared to 
maturity has no effect upon the longevity of the subsequent adults, but 
both higher and lower huiniditicM^ (saturation and 15-mm saturation 
deficiency) reduce the productivity. 

The sex ratios of the progeny produced are not significantly affected 
by the moisture conditions at which the parents are reared to adult¬ 
hood. At saturation the ratio of females to the total number of 
progeny counted was 0.55 (2,930 counted), whereas at 15-mm satura¬ 
tion deficiency the ratio was 0.63 (1,266 counted). 

In figure 3 "the data on the influence of atmospheric moisture upon 
the longevity and productivity of Trichogramma are summarized 
graphically. 

It will be seen that humidity has the same general influence upon egg 
production when it acts upon "the developmental stages as when it acts 
upon the adults only. The effects are much more pronounced, how^- 
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ever, when the influence is exer^ on the immature stages. In other 
words, the effects of adverse moisture conditions are more pronounced 
when they act durit^ the relatively long developmental period (about 
10 days) than when they influence directly the function of oviposition 
during short adult life, only the very first part of which is of much 
significance in the total i)roductivity. 

On the other hand, the longevity of adult parasites exposed as adults 
is much more markedly affected by atmospheric humidity than is the 



SATURATION DEFICIENCY (MM Hg) SATURATION DEFICIENCY (MM Hg) 


Fiourk 3 —Effet’Is of humidify iijifin imMiuctivity and feniuio loiiifovity of TVirAoyrwmmo 
« 

longevity of adults exposed as eggs, larvae, and pupae. Apparently 
the influence of moisture during development is exerted more or less 
specifically upon the reproductive function and not on the general 
factors that determine length of life. 

These data suggest that in building up both laboratory stocks and 
stocks for field liberation, the ideal atmospheric humidity in which 
to rear the parasites to maturity is within 5 mm of saturation. 

SUMMARY AND CONCLUSIONS 

The longevity and productivity of Trichogramme emnescens West- 
wood, reared in Sitotroga eggs, were tested under various conditions 
of feeding, withholding host eggs, pairing, superparasitism, light, 
temperature, and humidity. From the experimental data, the folfow- 
ing results were obtained and conclusions drawn: 

(1) The average number of progeny produced at 25® C. and 5-mm 
saturation deficiency is 66.1 ±2.5, the female longevity 6.3 ±0.3 days, 
the male longevity 5.7 ±0.2 days, and the sex ratio 0.66 female. 

(2) A correlation of +0.639±0.071 exists between the longevity of 
mated females and their productivity. 

(3) Since females fed on dilute honey live longer and produce more 
progeny than unfed females, parasites should be fed before liberation 
m tlie field. 
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(4) Females live longer when host eggs arc present than when they 
are absent, but if the eggs are withheld for 48 or 72 hours, female 
longevity is unaffected while productivity is reduced. Therefore only 
young partitas should be liberated in the field. 

(5) Pairing reduces productivity but leaves longevity unaffected. 

(6) Females emerging from superparasitized host eggs produce 
fewer progeny than normal females but live as long. Males reared 
under the same conditions, while sexually potent, are shorter-lived 
than normal males. 

(7) Females kept in diffused light live slightly longer, than females 
kept in total darkness, but produce the same number of progeny. 

(8) Adult longevity varies inversely as the temperature to which 
the adults are subjected, but directly as the temperature to which their 
developmental stages are exposed; the optimum temperature for 
productivity is about 25® C. in either case. These facts suggest that 
the most favorable field temperature at which to liberate the parasites 
for pest control is probably just under 25®, whereas the most favorable 
laboratory breeding temperature is about 30®. 

(9) An abnormally high proportion of male progeny is produced by 
parasites developing at 15® O. (only 0.42 female). 

(10) When adults are subjected to either low (10-mm or 15-mm 
sattiration deficiency) or high (saturation) humidities, their productiv¬ 
ity is somewhat reduced, but relatively less so than their longevity, and 
the total water lost before death is about the same at both ‘^dry^’ 
conditions; but, (’(myersely, when the immature stages are exposed 
to low or high humidities, the productivity of the subsequently emerg¬ 
ing adults is decidedly reduced while the longevity is unaffected. The 
most favorable field fiumidity at which to liberate the parasites would 
appear to be 5-mm saturation deficiency or less, but laboratory breed¬ 
ing comlitions of lO-mm sattiration dVficiency or less are probably 
satisfactory. 
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MEIOTIC INSTABILITY AS AN INHERITED CHARACTER 
IN varieties of TRITICUM AESTIVUM ‘ 


By W. M. •Myehh, instructor in plant genetics^ Minnesota Agricultural Experiment 

Station^ and LeHoy Powers, senior geneticist. Division of Fruit and Vegetable 

Crops and Diseases, Bureau of Plant Industry, United States Department of 

Agriculture 

INTRODUCTION 

In previous studies of varieties of Triticum aestivum L., Powers (16^ 
17, 18)^ found that the cytological aberrations of nonorientation 
of the chromosomes in meiosis, the occcurence of univalents at meta¬ 
phase, and chromatin loss in the parent plants were associated with the 
coefficients of variability of their progeny for w^eight of seed per plant, 
height of plant, and percentage of fruitfulness. These results indicated 
that in some cases meiotic instability is an important character in a 
breeding program. For this reason it seemed desirable to study the 
relative importance of heredity and environment in the determination 
and differentiation of this character. 

MATERIALS AND METHODS 

The freciuency of o<‘currence of chromatin loss was employed as a 
measure of meiotic instability. The reasons for using this character 
w^re twofold. (1) Chromatin loss w^as found to be highly correlated 
with nonorientation and the occurrence of univalents {17,18). Thus 
of the single determinations, it seemed best a^lapted as a criterion 
of meiotic instability. (2) It permitted the collection of data on a 
larger number of plants than would have been possible if a number 
of meiotic irregularities luul been studied. To determine chromatin 
loss, 500 immature microspores, still in the form of quartets, were 
examined for each plant and the number showing micronuclei w^as 
re(*orded. 

Five varieties of Triiticum aeMivum, namely, Marquis, Supreme, 
Thatcher, Double Cross 2305, and H~44, were selected for use in 
this study. Mar(|uis and Thatcher were included because in previous 
investigations {17, 18) both of these varieties w^ere found to be com¬ 
paratively free from meiotic instability. In preliminary studies, 
Double Cross 2305 and II~44 had shown a fairly high degree of meiotic 
instability while Supreme was known to be variable in many agronomic 
characters and it seemed, therefore, that this variety might also be 
ineiotically unstable. 

Plants of the five varieties w^ere studied cytologically in 1931. In 
1932, 1933, and 1936, progeny rows were growm from various selections 
and in all ci^es from seed proJluced under bag to insure self-pollination. 
Plants having a low percentage of micromiclei were selected in 1931 
from Thatcher, Marquis, Double Cross 2305, and H~44; plants having 
a high per centage of micronuclei were selected from Double Cross 
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2305 and H~44; and a plant intermediate between low and high was 
selected from Marquis, The individual plant selections in 1931 and 
their progeny in later generations will be designated as lines. The 
progenies of these eight lines were studied cytologically in 1932. In 
1933 each line was the progeny of a randomly selected individual 
plant of 1932 and, in 1936, individual progenies of from 7 to 10 plants 
of each line were studied. Thus conclusions drawn from the study 
on the inheritance of meiotic instability are based on 3 years of progeny 
testing. 

The histories of the different varieties are of value in interpreting 
the results and therefore are given here. Marquis resulted from a 
cross of two aestivum varieties and Supreme was produced by selection 
from Red Bobs, an aestivum variety. Thatcher originated from a 
cross of a selection of Marquis X lumillo (a variety of Tritieum durum) 
with a selection from Kanred X Marqiiis, (13) and Double Ooss 2305 
was a sister selection of Thatcher. H-44 was produced by McFadden 
(15) from a cross between Yaroslav cininer and ^^ar(^uis. 

For the first 3 years of the test, the effects of the environment, if 
any, could not be separated from possible genetic effects. Tlierefore, 
in order to collect information regarding environmental effects, a more 
intensive study including different dates of collecting the cytological 
material was set up for 1936. 

For the cytological studies, part of the material was killed and fixed 
in Allen’s modification of Bourn’s fixative and the slides were stained 
by Newton’s iodine gentian-violet method described by La(N>ur (14)- 
For the majority of the studies, Belling’s (9) iron aceto-carmine smear 
method was used, the material having been killed and fixed in acetic 
alcohol (3 parts of absolute alcohol: 1 part of glacdal acetic acid) and 
stored in 70-percent alcohol. 

EXPERIMENTAL RESULTS 
INHERITANCE OF MEIOTIC INSTABILITY 

The data having a bearing on the inheritance of meiotic instability 
were evaluated under the following dlassifications, the percentage of 
micronuclei for the varieties from which .the lines used in this study 
were selected, 3 years of progeny testing, homozygosity of linos and 
cultures, and the number of monosomic plants obtained from each 
line and variety. 

The frequency distributions of percentage of micronuclei for the 
varieties from which the lines used in this study were established are 
given in table 1. 

The five varieties occurred in three distinct groups on the basis of 
percentage of micronuclei. No plants were found in either Thatcher 
or Marquis with more than 3 percent of micronuclei while none of the 
plants of Supreme had less than 3 percent. The plants of H-44 and 
D. C. 2305 ranged from less than 1 percent to more than 19 percent of 
micronuclei. One plant of each of these two varieties and four plants 
of Supreme show’ed more than 19 percent of mironuclei. Metaphase 
and anaphase I studies of these plants revealed that each was mono- 
somie, having only 41 somatic chromosomes. These results agree 
with those reported by Powerfe (17) for monosomic plants of Tritimta 
aesHmm. Since the high percentage of micronuclei of monosomic 
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plants is due largely to the loss of the univalent chromosome, these 
plants have not been included in the averages for the varieties. That 
differences between the varieties were statistically significant can 
be seen from the data given at the bottom of table 1. Likewise, the 
monosomic plants were not included in these calculations. If these 
differences are characteristic of certain varieties and strains, it is 
evident that they are inherited. To determine whether characteristic 
difl’erences do occur, j)rogeny tests were conducted for 3 years. 

Table 1. —Frequency distribution of percentage of micronvclei for the varieties from 
which the tines \4sed in this study were eslnhltshedy and analysis of variance to 
determine whether the differences between varieties could be due to the errors of 
random^ sampling 
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Tlie data collected in the three generations of jirogeiiy testing are 
given in table 2. These data were analyzed to determine whether 
tlie differences could be accounted for by the errors of random 
sampling. 


Table 2. - Yearly average percentage of micronuclei for each lincy number of 
plants making vp the averageSf and ike analysts of variance for each year 
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Table 2. — Yearly average pereevtage of micronuclei for each line^ number of plants 
making up the averageSt and the analysis of variance for each year —Contd. 


ANALYSIS OF VAIUANCE 
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* For 1031 the analysis Riven »s for ‘‘between varieties*’ and “withm varieties.” 


Since several progenies were grown for each line in 1030 under 
randomization, the mean square within lines seems reliable as an 
error in obtaining the F value. It was used also in tJie other years. 
For every generation as represented by yeans, the F value was con¬ 
siderably larger than that necessaiy to give a F of 0.01. It may be 
concluded that for every generation some of the differences between 
lines were too great to be attributed to the errors of random sampling 
and therefore some of the differences may be jiulged statistically 
vsignificant. 

To determine wdiich differences between the lines selected for high 
and low rneiotic instability may be judged statistically significant, 
the standard error of the difference was used. The differences 
between the high and low' selections dividial by the standard error of 
their differences are given in table 3. 

Table 3. — Diffcrciiccs between hries divided by then standard ctror 
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Double Cross 2305-M with 1:> i' 23or> il 

1I~44-L with H-44-M. 

H-44-M with H-44-n.. 

11-44-L with . 


j OitTorenre divide<l by the standard 
error 


' 1932 ; 

1933 

; i93fi 

I.._ : 

_ 

' _ . 

.- -i -3.40 j 

* l.fiO 

j -4 00 


“*.80 

1 

. . : - 60 ! 

-“1 30 


. j -.80! 

■.“7.80 

i ~3 40 

.'.I 1 

“'8.80 

j,. 


The high values for the difference <livided hy the standard error 
leaves little room for questioning that the lines within Marquis differ 
significantly and that ir-44 -M and II--44-L are significantly differ¬ 
ent from H-44--II. 

The most critical evidence on the, inheritance of mciotic instability is 
furnish^ by the sign (plus or minus) of the difference. In table 3 the 
minus signs indicate that the differences wore all negative. The nega¬ 
tive values indicate that tlie lines selected for low hieiotic instability 
were uniformly lower in percentage of micronuclei than the lines from 
parents of higher variability. Thus, these data are rather conclusive 
m showing that meiotic instability is inherited. 

The material of the five lines studied in 1936 consisted of tlie prog¬ 
enies of plants. The percentage of micronuclei of 38 of these 42 
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plants was determined in 1933. The correlation coefficient for per¬ 
centage of rnicronnclei of the 38 plants with tlie average percentage of 
itiicronnclei of their progenies in 1936 was 0.77, a Inghly significant 
Aalue. Tliis lends further support to the conchision that heritable 
differences in meiotic instability existed. 

In 1936 the experiment was designed to yield some information 
regarding tlie nature of the inheritance of meiotic instability. In this 
regard, it was of interest to know whether homozygous lines, signif¬ 
icantly different in percentage of micronuclei, had been obtained. 
The data having a bearing on this problem are given in table 4. 

Table 4. - Homozygoaitij of linen in lOSfi for percentage of nricronuclei as determined 

by the analysis of variance 


Lmps 


Tluitcher. 

Murqm.s-L... . 

Murouj'i'-M - . . 

Ii-41 M. . 

U-44 H. 

> Tilt" values of /'for /* \ allies of u OH and 0 01 ore tluw values for the Uejrrees of freedom given by 

Snedecor (S!0) 

3 \ allies missing and interiw)late<i. 

’’ I value mivslng and iiilerpoluted. 

* values inisMiig and interpolated. 

MicTosporocytes were collected from one plant of each eulturc on 
('a<‘li of 6 days from June 22 to June 27, inclusive. The material was 
not at (he proj)er stage for determining the percentage of microriuclei 
in two plants eacli of Marquis M and II 44 M and three plants of 
Thatclier. In addition, one plant of Man^uis L was monosomic and 
therefore was omitted from the calculation. In calculating the anal¬ 
ysis of variance, values for tliese plants were interpolated, using the 
formula given by Tates (£1). 

From tlie F values in table 4, it would seem that Thatcher and 
H 44 M are homozygous for percentage of micronucloi. The F value 
for Marquis L almost reaches that expected for a P of 0.05 and the F 
value for Marquis-M exceeds the value of F for a P of 0.01. These 
results indicate that the last two lines are not homozygous for percent¬ 
age of micronuclei. However, such a conchision is difficult to justify 
from an examination of table 2. As dmwn by the mean percentage of 
microimclei for years, the progeny test for Marquis L would lead 
one to suspect that this line was as stable as Thatcher and therefore 
homozygous. Likewise, uniformity of the mean percentage of micro¬ 
nuclei for Marquis-M in different years was striking aiul certainly 
W'ould leaci one to believe that this line was homozygous for the 
character in <iuestion. 

Since the data indicate that Tliatcher and H-44-M are homozygous, 
it is desirable to know whether the difference betw^een these tw^o lines 
can be accounted for by the errors of random sampling. From table 
5 it can be seen that the odds against the differences between the 
means of these two lines being due to the errors of random sampling 
are very large. 
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Table 5. — Comparison of the mean percentage of micronuclei of ike 5 lines studied 
in toss by means of the standard error of the difference 


Comparison 

Differ- 

ence 

D/8. E. 

Comparison 

Differ¬ 

ence 

D/8. K. 

Thatcher with Marquis-L _ 

0.2 

0 4 

Marquis-L with U-44-M. 

1.9 

a 6 

Thatcher with Marquis-M _ 

1.7 

3.6 

Marquis-L with H-44-U .. _ 

a H 

7 3 

Thatcher with H”44~M.. _ 

1 7 

.3.2 

Marquis-M with H-M -M _ 

0 

0 

Thatcher with H~44"-H-. 

3 0 

6 9 

Marquis-M with 11-44-11. . 

1.0 

3 7 

Marquis-L with Marqiiis-M_ 

1 0 

4 0 

H-44-M with H-44-H. 

1.9 

3.4 

1 


The variation of plants of H-44~H in percentage of micronnclei in 
1933 indicated that this line was not breeding: true for this character. 
This was substantiated by the behavior of the progenies of these 
plants in 1930 (table 4). 

To determine whether any of the plants of 1I-44-H studied in 1933 
were homozygous for fackjrs determining meiotic instability, a more 
extensive study of their progenies in 1936 was made. Material was 
collected from all of tiie available plants of the seven cultures of 
H-44-H and data on percentage of micronuclei were obtained for a 
total of 129 plants. These data are summarized in table 0. 

Tabi.e 6. -- Number of plants, frequency distributwn of plants in each Itne for per¬ 
centage of micronuclei, and average percentage of micronuclei for cultures of 
H-U-Il in toss 


Pl»ntH showing imlicattni i>crfflntage of 


C’nllure No | 

i Plants 
.studied 


_ 

nijcronucicj 


i 


0-1 0 ! I 

i 

! _ _ ! - 

1 ao 

1 a 1 -in 0 

: 10.1-10.0 1 

10 1-26 0 j 

'i 

Number 

1 ! 

\Numbt'r\Number 

j Number i 

: I 

1 Number \ 

Number | 

C3S.. . . J 

17 

1 1 

f, 

1 ^ i 

i 

. 1 

CO_ . 1 

20 

a I 

4 

7 1 

1 4 1 


CIO_ ..I 

1 18 ‘ 

1 1 

6 


a ! 

2 1 

C/i. 

1 21; 

2 1 

0 , 

« 1 

4 i 


C18. 

21 

i 

t} 

1 S 1 

1 

! 

C22. ! 

13 

4 1 


4 1 

1 

[ 

C4.. . 1 

10 

5 1 

il 


i 

2 j 


A vi'frtv e 
j[)orr<‘nt" 
Hge of 
mioro- 
nuoliM 


Prrrtnt 
fl « 
1 

f) h 
4. 7 

4 5 

2 » 
1.7 


Six of the 129 plants had more than 19 percent of micronuclei. 
The chromosome number of three of these plants, namely, the two 
occurring in culture No. 4 aud one in culture No. 19, was determined 
and each plant was found to be monosomie. It seems probable that 
the other three plants may also have been monosomie since the per¬ 
centage of micronuclei shown by each is within the range for inono- 
somic plants. For this reason, these six plants were not included in 
the calculation of the means for the cultures. 

Five of the seven cxiltures of H-44~H had plants with less than 1 
and more than 10 percent of micronuclei while, in the remaining two 
cultures, all plants with 42 chromosomes showed less than 10 per¬ 
cent of micronnclei. This range in percentage of micronuclei of the 
different plants indicated that the seven cultures were still segregating 
for meiotic instability. Since the 500 rnicrospores of each plant were 
counted in groups of 100, it was possible to measure the variation 
within plants and determine whether significant diflferences between 
plants existed. For this purpose an analysis of variance was calcic 
jated fo^ «%ph culture (table 7). 
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'I'able 7.- Summary of the analyaia of variance of percentage of micronvclei for each 
culture of Ih 4-^ It grown in 


C'Ulturp Nu. 

D. 

F 

Mean stiuare 

F 

Value of F for P 
of—1 

Between 

plants 

Within 

plants 

Between 

plants 

Within 

plants 

0.(X5 

0.01 

("rw. 

16 

6K 

147 1280 

10, 7058 

13 74 

1 89 

2 45 

CD . 

17 

72 

161. .W50 

8 6833 

IS 82 

1 89 

2 45 

<"1« 

ir> 

64 

145 8133 

0. 2312 

15 HO 

1 89 

2 45 

(5 . 

26 j 

84 

«1 02«5 

7 0620 

12.91 

1 66 

2 i« 

(’IK 

2(1 

84 

10.5.2:114 

! 7 WKH) 

13 32 

1 65 

2 m 


12 

52 

31 3718 

, 4 1077 

7 64 

1.95 

2 56 

('1 

16 

1 

68 

5 1041 

2 4882 

2 09 

1 89 

2. 45 


> V’hIuos for iicuro.si dogro<'*< of frooUoni ifJvon !»y Snofltnor (£0). 


For six of the r\ilturcs tlio vahio of F for comj)aring mean square 
betwtM*n ])lants with mean square within plants was greater than F 
for a I* of 0.01. In culture 4, the value of Fgave P between 0.05 and 
0.01. Therefore, it appears that none of these lines was homozygous 
for meiotic instability. 

Tlie lujinber of monosoinic jdants obtained from each line and the 
total number from each variety together with the mean percentage 
of niicronuclei are shown in table 8, 


1\bi.e S. The number of monosoniic planin obtained fiom each line and variety 


latu* or varU'b 

! : 

; Total i 

1 plants I 

1 1 

-\t<*no- 

sonijf 

pianl^ 

1 Ir 

• Mean |H*r-H 

Lim-or variny 

I nuelei ' i 

!.. 

1 

Total 
! plants 

1 

Mono- 

sonuc 

plants 

Mean por- 
(*enraKe of 
niiero- 
nuclei 


1 XumUr 1 

Xumb/ r 

i J*rtrenl il 

[ XinntH-r 

Xumtfer 

Percent 

'rhuleher 

1 9:1 

0 

1 0.90 ; i 11-44-1.. 


0 

1 M 

Marquis 1. 

7:i 

J 

; 92 'j H-4t M 

i 51 


5 (W 

Maiqui*' M 

:, ■!*! 

0 

! 2 9.5 \\ 11-44 11 , - 

: 129 


8 82 

Tolnl f 

; _i7j I 

1 

1 if Total*. - 

! 218 

i " 

. 

l>. (’. 2:11X5-L 

i n 1 

0 

' 1 20 .’i Supn’ine 

1 9 

J ^ 

8 :io 

1> (’ 2:ttX5 M 


0 

1 6.50 



1 

j 

I'oUl 5 

; 3^1 

1 

i ' . . 

i 

! 

! 

i 

1 

t 


• "A of thew plants iniiHHi to bo ittonosomic on the basis of tho |HTconla»to of niiorouuoloi 

^ Total for the variet> ineludes data for a<3l tH'fore the lines \%ithtn the varieties were established. 


It is evident that in tliis investigation the varieties showing the 
highest percentage of micrunuclei tendetl to have the greater number 
of monosoinic plants. Since monosomic plants arise from chromatin 
loss such an association would be expecUd. Thus, lines exhibiting a 
high degree of meiotic instability are rendered even more unstable by 
the occurrence of these monosomic plants. An occasional monosomic 
plant among the progeny of such meiotically stable varieties as 
Thatidier and Marquis would be expected. One such plant was found 
in Marquis. 

THE EFFECT OP THE ENVIRONMENT ON MEIOTIC INSTABILITY 

The data on the effect of environment upon meiotic instability are 
given in table 9. 
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Table 9. — The average percentage of ^nicronnclei of each line for each of the 6 days 

of collection in 


Line or variety 


Thatehor . . _ 

Marquis-li. 

Marciuis-M.. 

M~44-M_ , 

H-44-n . 

Averatre. 


Average j>ereenti*g(‘ of mjeroiiuelci for— 



Judo 22 

Juno 23 

Judo 24 

Juno 2,'> 

Juno 20 

Juno 27 


Percent 1 

Percent 

1 

Percent 

Percent 

Percent 

Percent 


0 S 

0.9 

0.0 ; 

2.4 

2.1 

2 .5 


5 ' 

.9 

1 i 

l.S 

l.H 

1.8 


2 8 

3 0 1 

2 S 

3 7 

4 2 

3.8 


2 .'j 

1.4 

I S i 

4 J 

3 1 

0 9 

-- 

2. i 

4 9 

3 f) 

0 3 j 

H. 7 

n 7 


1.7 

2 2 

2 0 

3 7 

4.0 ' 

t 1 


Microsporocytes wore collected from one plant of each cultiiro on 
each of 6 days'in 1936. There was a marked difference between the 
percentage of micronuclei for the first 3 days and the last 3 days of 
collection. For purposes of evaluation it is ne(‘(^ssary to know whether 
the differences noted could bo attributed to tlie errors of random 
sampling. If they are due to the errors of random sampling, the 
probability is 0.5 that any value of a given line for tlu^ last 3 days will 
exceed any value of the same line for the lii’st 3 days. Then the prob¬ 
ability of this same value exceeding all throe values for the first 3 days 
is (0.5)^ and likewise the probability of all throe values of the last 
3 days for any one line exceeding all three values for the first 3 days 
for the same line is (0.5)'^^ (0.5)’^ (0.5)\ Completing these calculations 
it is soon that the odds are 499:1 against such a result occurring due to 
the errors of random sampling. Since the values for the last 3 days of 
collection of each line exceeded the value of the first 3 ilays of collec¬ 
tion for the same line, it is evident that the material <‘oliectdl the 
first 3 days is significantly^ loM’^er in })orcentage of micronuclei than 
that collected the last 3 days of the investigation. From this it may 
be concluded that environmental conditions i)rior to th(‘ collection of 
the material are a factor in determining tlie piucentage of micnmuclei 
that a given plant possesses. v 


DISCUSSION 

One of the major advances in the development of superior varieties 
of aestivum wheat was the transfer of the field resistance to black stem 
rust of varieties of the emmcr and dunim group to bread wheat varie¬ 
ties. Marquillo, developed at the Minnesota Agricultural Experi¬ 
ment Station from a cross of lumillo durum with Marquis, and Hope 
and H~44, developed from a cross of Yaroslav eminer X Marquis 
made by McFadden (7J), are notable examples of aestivum varieties 
which have received‘genes for rust resistance from varieties of the 
emmer and durum group. Two of these varieties, M arquilio and H-44, 
have been investigated cytologically and found to be significantly 
more irregular in meiosis than the standard variety, Marquis (Powers 
{16y 17f 18) and the present investigations). Although it cannot be 
concluded from these two cases that varieties produced by inter¬ 
specific hybridization wHl all show meiotic iristabjlity, selections pro¬ 
duced in this manner should bo investigated cytologically because of 
the possibility that they might exhibit such variability. 
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The results obtained witli wSu]>reme indicate that meiotic irregularity 
is not confine<l to selections from interspecific hybrids. As stated pre¬ 
viously, Supreme was produced by selection from Red Bobs, an 
aestivum variety. Yet Suprenie w a^ found to be even more unstable 
in Jl)31 than H 44, The possibility that Supreme may have arisen as 
a n^sult of natural crossing must of course not be overlooked. 

The cytological behavior of Thatcher and D. C. 2305 is of con¬ 
siderable interest. These varieties are sister selections from the dou¬ 
ble cross (lumillo X \lar(|iiis) X (Kanred X Marquis) and both show 
the stune type of rust resistance as their (lumillo X Marqius) parent. 
'rhat(*her w^as at least as stable cytologically as Marquis while D. C. 
2305 sliowed a signifi<*antly liigher degree of meiotic instability. 
These results indicate that although selections obtained from hybrids 
between species may be unstable, cytologically stable varieties having 
the desirable characteristics obtained from the related s])ecies may be 
produ(‘ed by crossing with a variety which does not sliow meiotic 
irregularities, 

liie investigatiojis reported in this paper show that differences in 
meiotic instability are conditioned to a considerable extent at least by 
heritable factors. The variation between plants of the same variety 
suggested the j)ossibility of selection of stable lines oven from such 
varieties as 11-44. The (lifferent lines obtained from Marquis and 
H '44 indicate that selection lias been effective in isolating types that 
dilfer significantly in cytological behavior. In these investigations, 
s(‘lection was pra(‘ticcd only in 1931. It is possible that by con¬ 
tinued sidection of plants showing a low percentage of micronuclei, 
even more stable lines than those obtained in tliis study might be 
isolated. This j)ossibility should be investigated. 

The design of the (»xperimcnt in 1930 was such that some informa¬ 
tion could be derived from the data obtained regarding the nature of 
the herital)le differences conditioning differences in meiotic inV^tability. 
The meioti(* irregularities might arise from genetic factoi's w Inch gov¬ 
ern chromosome behavior, from structural differences between syna]'- 
sing chromosomes or perhaps from similarities between chromosomes 
of different genomes which would lead occasionally to the formation 
of trivaleuts or quadrivalcnts at motaphase I. If the oeeiirrenoe of 
micronuclei is to be aecounted for by struetural difforeiiees between 
synapsing chromosomes, inbreeding should teml to eliminate these 
differences and all homozygous lines should be fluctuating about the 
same mean percentage of micronuclei. Actually, apparently homozy¬ 
gous lines, differing significantly in percentage of chromatin loss, w ere 
obtained. Tlie mean percentages of micromielei of Thatcher, Mar- 
(juis™L, Marquis-M, and n-44“M remained relatively constant 
during the 3 years of pixigeny testing wdiereas the elimination of struc¬ 
tural differences duo to inoreoding should cause a decrease in chromatin 
loss. 

That the differences in meiotic instability could be accounted for 
by similarity betwreen chromosomes of different genomes likewise 
seeniB improbable. The occurrence of occasional miiltivalent associa¬ 
tions, reported by Powers (17) and other workers, indicates that partial 
homology does exist between chromosomes of different genomes. 
Such partial homology, in the absence of structural differences betwreen 
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members of the two respective homolo{?ous pairs, should lead to the 
formation of quadrivalcnts instead of tiivalents and univalents in a 
majority of cases. The writem do not know of any evidence that 
quadrivalcnts loa<l to chromatin loss. On the contrary, the senior 
writer (unpublisheil «Iata) has investigated the occurrence of chromatin 
loss in Arrhenatherum elatius (L.) Mert. and Koch and a tetraploid 
strain of Agropyron cristatum (L.) Beauv., both of which behave cytolo- 
gically like autotetraploids and in both of which seven quadrivalents 
per microsporocyte occasionally occur. In five plants of A. elatius, 
the percentage of micronuclei varied from 1.0 to 6.8 while in six plants 
of A. cristatum the percentage of micronuclei varied from 0.0 to 3.0 
In Triticum aestimrn, Powers {17} foimd that the correlation between 
the occurrence of multivalonts and percentage of micronuclei was not 
statistically significant and that the frequency of trivalents was not 
great enough to account for the number of univalents found at meta¬ 
phase 1. In addition, rowel’s (/7) found that nonorientation of 
bivalents at metaphase I was highly correlated with the occurrence of 
micronuclei and it is difficult to account for failure of bivalents to 
orient on the equatorial plate either on the basis of structural differ¬ 
ences between synapsing chromosomes or partial homology of chromo¬ 
somes of different genomes. Thus, the results indicate that genetic 
factors were involved in determimng differences in percentage of 
chromatin loss in this study. Genetic factors affecting meiosis haie 
been reported in maize by Beadle (/, S, 4, 6, 7) aiid Beadle and 

McCIintock {8), in Datura by Bergner, Cartledge, and Blakeslee (10), 
and in wheat by Sapehiii (19). In addition, failure of pairing which 
may have been conditioned by genetic factore has been reported in 
Nicotiana tabacum L. by Clausen (11). 1I-44~H was still segregating 
in 1933. This line was investigated more extensively in 1936 and the 
seven cultures were all' found to be segregating for percentage of 
micronuclei. Culture 4, which had an average of 1.7 percet)t of 
micronuclei for 19 plants and culture 22 with a mean of 2.8 percent of 
micronuclei for 13 plants had a considerably lower variance between 
plants than the remaining five cultures. In these latter cultures, the 
range in perc.ent of micronuclei betwQpn plants was as great as the 
range of H-44 in 1931. Thus, after 3 successive years of individual 
plant selection, no plants were obtained in this line which appeared to 
be approaching homozygosity for high meiotic irregularity. Although 
the data were not extenrive, the failure tp obtain plants homozygous 
for high meiofic instaUlity suggests that structural differences of the 
chromosomes in addition to genetic and environmental factors may 
have been involved in conditioning the high percentage of chromatin 
loss in this line. 

The effect of environment on meiotic irregularity, shown by differ- 
enc.e8 between dates of collection of the cytolomcal material, indicates 
that comparisons between plants cxjllected at different dates or under 
different environmental conditions must be interpreted with caution. 
Since environmental as well as heritable factors are involved in condi¬ 
tioning differences in meiotic instability, experiments designed to 
control and properly evaluate the experimental error are as necessary 
in studying this character as any other quantitative character. 



Mnr. i6» 1038 Meiotic InstabilHy in Varieties of Triticurri aestiimni 451 


SUMMARY 

Tlio (XTurrence of chrornatiu loss, rnoasuroil by tlio percentage of 
iininature microspores showing inicronuclei, was studied in five varie¬ 
ties of Triticuin aestinim L., namely Marquis, Thatcher, D, 2305, 
II'-44, and Supreme. 

In Marquis and Thatcher all plants had less than 3 percent of 
inicronuclei, in D. C. 2305 and H-44 plants with less than 1 percent 
and more than 19 percent of inicronuclei were found, and all plants of 
Supreme had more than 3 percent of inicronuclei in 1931. The rela¬ 
tion of these data to the origin of the varieties is discussed. 

Results of 3 years of progeny tests indicated clearly that heritable 
differences in meiotic instability occurred. 

A correlation coefhcierit of 0.77 between the percentage of micro- 
nuclei of 38 plants in 1933 and the average percentage of inicronuclei c)f 
tlieir progenies in 1936 was obtained. 

Lines differing significantly in percentage of inicronuclei were iso¬ 
lated by selection both in Marcjuisand 11-44. Thatcher, Marquis-L, 
and 11-44-M were apparently homozygous in 1936 and had 1.6, 
1.4, and 3.3 percent of inicronuclei, respectively. H-44~1I had 5.2 
percent of inicronuclei in 1936 and was still segregating. 

The isolation of liomozygous lines, significantly different in per¬ 
centage of micronuclei, indicated that genetic factors were involved 
in conditioning meiotic instability. The failure to isolate lines homo- 
zygous for high meiotic instability in H-44-11 suggested that struc¬ 
tural differences of the symipsing chromosomes may also have been 
involved. 

Significant differences between date.sof collection of microsporocytes 
in 1936 indicated that the environment may also be a factor in deter¬ 
mining differences in meiotic irregularities. 
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QUALITY STUDIES IN THE WHEAT-BREEDING PROGRAM 
AT THE MINNESOTA AGRICULTURAL EXPERIMENT 
STATION ‘ 

Hy K. K. Ausemus, associate agronomist^ Division of Cereal Crops and DiseaseSf 
Bureau of Plant Industry^ Vnited States Department of Agriculture^ M. C. 
Markley^ assistant biochemist^ H. Bailey, agricultural biochemist^ Division 
of Agricultural Biochemistry, and H. K. Hayes, Chief, Division of Agronomy 
and IHant Genetics, Minnesota Agricultural Experiment Station 

INTRODUCTION 

In breeding for improved spring and winter wheats in Minnesota, 
milling and baking tests were used as an aid in selecting strains of 
satisfactory (juality. 

Rather wi<ie crosses have been used in spring wlieat breeding to 
<)btain resistance to stem rust. This resistance was obtained originallv 
from 14-chroinosome wheats, whicli were of poor quality for bread- 
making purposes. The data collected, therefore, seem satisfactory 
for measuring the value of milling and baking trials in the selection of 
wheats for quality among diverse types. 

The major ])urpose of the winter wheat breeding was to obtain 
varieties as winter liardy as Mintiirki but more satisfactory in milling 
and baking quality. Crosses between spring and winter wheats have 
been used for this purpose and also to obtain varieties of winter wheat 
resistant to stein rust. In some respects the winter wiieats also were 
very diverse in milling and baking qualities. 

When the new strains are grow n first in rod-row' trials no informa¬ 
tion is available regarding their milling and baking qualities. In 
these trials, varieties with apparent low quality have been continued 
in the tests for at least two consecutive seasons before they have been 
discarded. 

The strains in the l^o-acre plot trials, for the most part, have 
])r()ve(l of rather satisfactory quality in previous trials. Standard 
varieties have been included along wdth new^ strains, and in the spring 
w'lieat varietal trials the rust-resistant varieties of poor baking 
(juality, Marquillo and Hope, have been imduded. 

The data available seemed rather satisfactory for determining the 
value of milling and baking trials in the breeding program. 

PREVIOUS STUDIES OF THE INHERITANCE OF QUALITY 

Extuiiples of the early application of milling and baking tests to 
the testing of new varieties m^^ be found in the reports of Hays and 
Boss (7)/ Guthrie (4), and liarcourt (5). From a study of these 
earlier reports, as w’^ell as from their own breeding experiments, Hum¬ 
phries and Biffen (S) concluded that baking '^strength'’ and ' Veakness” 

> Received for pubUcetlotk August 27,19.17; issued 193H. Cooperative investigations conduct^ by 
the Division of Cereal Crotw and Diseases, iiureau of Plant Industry. 0. S, Department of Agriculture, 
and the Minnesota Agricultural Experiment Station. Paper No. M8fi of the Imirnal Series of the Minnesota 
station. 

* Reference is made by number (italic) to Literature Citeti, p 'UH. 
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probably constitute<l a simple Meiulelian ]>air of charactei*s. Saunders 
(//) disagreed with this conclusion and favored the view that there 
was not simple inheritance of baking (pialities. BilTen (/) j)rcsented 
further data to support his conclusion biit later {2) agreed with 
Saundei-8 {12) that strength w^as complex in inlieritance. 

After it had become generally realized that baking strength is not 
inherited as a unit character but is an extremely complex property, 
conditioned by both inherited and environmental factors, the methods 
for determining quality characteristics underwent a long period of 
development, finally evolving into the present system in which baking 
quality is divided into a large number of factors, such as protein con¬ 
tent, wet-gluten content and characteristics, diastatic activity, loaf 
volume, grain and texture of crumb, color of crumb and of crust, 
smoothness of crust and shape of loaf, luid many others, 

Zinn {16) first attempted the application of statistical analysis 
to the individual factom comprising the baking strength of varieties 
of wheat grown under comparable conditions, wdth the result that he 
found crude protein content to be an inherent varietal characteristic, 
since he obtained an interannual correlation coefficient of 0.38 in a 
study of 40 pure lines of wdieat. He also found a direct relationship 
between protein content and loaf volume within pure lines of a single 
variety. 

Hayes et al. { 6 ) report a general tendency for positive interannual 
correlations between the results obtained in different seasons when 
wheats of a diverse nature w'ere grown under comparable conditions. 
The characters studied were protein content, loaf volume, flour per¬ 
centage, and color and texture score of the cut loaf. All possible in¬ 
terrelationships of these characters were studied by correlation 
methods, witnout establishing many definite and consistent relation¬ 
ships. Protein content show^ed no consistent relation to loaf volume. 
There was some indication of a general tendency for positive cor¬ 
relations betw^een loaf volume, color score of loaf, and texture score of 
loaf, but these relationships were not consistent under all conditions. 

Waldron and Mangels {13) studied the relationship betw een protein 
content, water absorption of the flour,^nd volume of loaf in a series 
of wheats that were diverse in genetic origin but grown under con¬ 
ditions of uniform soil and treatment. Correlation of protein an<l 
water absorption and of water absorption and loaf volume w as gener¬ 
ally small and not significant. Protein and loaf volume gave fairly 
high correlations, the average for the nursery tests over a 4-year 
period being r=0.441. 

MATERIAL AND METHODS 

The spring and winter w-heats used in the milling and baking studies 
consisted of those strains or varieties that w^ere being testecl for dis¬ 
ease resistance and desirable agronomic characters in the plant-breed- 
ing program of the Minnesota Agricultural Experiment Station during 
the years 1927-33. The varieties used in the tests were all semihard 
or hard red tvpes; no soft wheats were included. 

The samples used in the spring wheat rod-row’^ tests were composites 
of grain from the border row^s from the nursery plot trials made at the 
four State experiment stations located at University Farm, Waseca, 
Moriis anc| Crookston. blended so as to secure comparable samples of 
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all varieties. Samples from the winter wheat rod-row trials were com- 

K iites of grain from two stations, University Farm and Waseca. 

e samples obtained from the Ko-acre plots on each of the four 
stations were milled separately. These samples were not milled in 
replicate, as the grain available was insufficient, but baking tests were 
always replicated. Usually the bakings were duplicated, but occa¬ 
sionally as many as eight replicate bakings were made. The milling 
method used was that described by Markley (.9), and the official 
baking procedure was that of the x\merican Association of Uereal 
Chemists as reported by Blish (3) and Werner (14) with certain supple¬ 
ments that experience had shown to be desirable. Preliminary tests 
showed that the flour of the 1930 and 1931 crops, of both spring and 
winter wheat, was deficient in diasta.sc. The use of 3 percent of high 
diastatic flour, as described by Markley and Bailey (W), was found to 
correct this deficiency and hence w'as used for the tests made wdth 
these crops. The characters from these milling and baking tests that 
were subjected to correlation analysis were, test weight and protein 
content of the wheat, yield of straight grade flour, absorjition, loaf 
volume, crumb color, crumb texture, and crumb grain. 

To show the variation between the varieties grown and tested for 
milling and baking qualities, data for the more important characters 
of three varieties of spring w'heat and of two varieties of winter W'heat, 
together with the range of variability in each character for the varieties 
grown in each of the yeai's at the four stations, are given in table 1. 

The (lata given in table 1 show that for each of the characters there 
was considerable variation between the vears, within a given variety, 
as well ns a fairly wide range between t)ie varieties grow'ii each year. 
The varieties subjected to th(*se milling and baking tests appeared to 
hav(‘ desirable agronomic characteristics and disease resistance, and 
the data are those which would be obtained in any wheat-breeding 
improvement program. 

The spring wheat varietu's Mar<|uis, Ores, and Marquillo and the 
winter wheats Minturki and Minhardi wore grown each year in the 
plots and rod-row nurseries during the entire period of the study. 
Most varieties or strains were tested for milling and baking qualities 
for at least 2 years before being discarded from the trials. 



Table 1. —Individual data on certain varieties and range of variability of all varieties for milling and baking quality of wheat grown at 4 

Minnesota stations 
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EXPERIMENTAL RESULTS 

INTERANNUAL CORRELATIONS 

The interannual correlations for each succeeding pair of years and 
the average correlations for all years are given in tables 2, 3, and 4 
for each of the three groups of samples, namely, the spring wheat rod 
rows, the winter wheat rod rows, and the spring wheat Jio-acre plots. 
The significant correlations are in bold-faced type in these tables. It 
should be kept in mind that stem rust was not serious enough to affect 
appreciably the relative placings of the varieties during the years 
included in this study. ITnder rust-epidemic conditions susceptible 
varieties are so altered that any normal interannuai correlation with 
a nonepideniic season is completely eliminated. 

It may be seen in these tables that there is a moderate tendency for 
varieties" to hold their relative ratings for test weight from year to 
year. The original records showed that certain varieties, such as 
Reward, tended to have a high tost weight, while Hope was low in 
this character. 

Table 2. —Interannuai correlation coefficients for test weight, total flour, crude pro¬ 
tein, absorption, loaf volume, and color, texture, and grain scores of loaf obtained 
from winter wheats grown in rod rows at University Farm and IFflSfca, Minn., 
1927-SS 


Interannuai correlation 


Years correlated 

('om- 

pari- 





Characteristics of loaf 


.sons 

Tost 

Total 

Crude 

Ab.sorp' 


— . 


"" 



weight 

flour 

protein 

tion 

Loaf 

Color 

Texture 

tlraln 







Nolurne 

s<*ore 

.score 

score 


Number 









1927. Itl29 1. 

9 

! ' 

-0 54 

~0 2.3 

- 0.12 j 

0 47 

0.81 

0.06 

(1 19 

1929,1930 . 

H 

I 0.20 j 

,78 

.M 

, 47 

.60 

.55 

.29 

1.5 

1930,193L. .. 

14 

.58 1 

.4.5 

27 

06 1 

.37 

.88 , 

1 -.39 

.09 

1931,1932 _ 

14 

* 30 I 

.28 

1 ~ 23 ! 

.55 

~ . 30 

.74 j 

j .48 

12 

1932, 19.33 . 

7 

1 -27 1 

.03 

65 j 


.<k.3 

.58 

1.. „ 

.61 

Average or total.. 

58 

’■”i 

.87 

.20 I 

» 03 1 

.88 1 

.75 1 

1 . 25 

. 19 


1 Crop failure in 192K 

* Tlip number of comparisons in this case is 49 
3 The number of comparisons in this case is 51 

Table 3. —Interannuai correlation coefficients for test weight, total flour, crude pro¬ 
tein, absorption, loaf volume, and color, texture, and grain scores of loaf of spring 
wheat varieties grown in rod rows at University Farm, Waseca, Morris, and Crooks- 
ton, Minn. 






Interannuai correlation «icfficlents 



Years correlated 

Com¬ 

pare 




1 

! 

Characteristics of loaf 


sons 

Test 

Total 

Crude 

Absorp* 

_— - 

— 

-- r 

-— 



weight 

flour 

protein 

tlon 

Ixmf 

Color 

Texture 

Orain 





i 


volume 

score 

score 

sci>re 


Number 









1927, 1928. 

11 


0.04 

- 0.10 1 

- 0,12 

0.81 

0.43 

0.40 ! 

-0.18 

1928, 1929_ 

31 


16 

10 ! 

10 

.88 

.78 

.JUl 1 

. 12 

1929, 1930. 

25 

0.58 

.27 

.48 

-.41 

.48 

.78 

.26 

-.29 

1930, 1931... 

27 

.55 

.45 

-.01 

.27 

.46 

.01 i 

.00 

-.48 

1931, 1932.. 

16 

.43 

.44 

, 13 

-.21 

i .15 

.88 

. 15 

.21 

1932, 1933 1. 

13 

.44 

.19 

.41 

-.35 

-.01 

.80 I 

.28 

.00 

Average or total.. 

. 

123 

*.18 

,80 

.13 

13 


r--:u| 


"^.06 


s i** No data for Morris for 1933. 


»Number of comparieona^Sl. 
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Tabi*e 4 .—Interannual correlation coefficients for test weighty total yield of floury 
crude protein, absorption, loaf volume, and color, texture, and grain scores of loaf 
of the spring wheats grown in Yio-acre plots 


Inleranniial cwrelatioxi cHMifficieiits? ‘ 


Years correlato<j 

! Test ; 
i weight 

1 i 

Total 
flour 1 

1 Crude 
protein 

i 

1 

1 Alisorp- 
1 tioa 

1 

Loaf 

volume 

Crumb 

color 

1 

Crumb 

texture 

! Crumb 

1 grain 


! 

! n 

r 

n 

T 1 

I 22 

r ! 

n 

1 

f 

n 

r j 

1 n 1 

r 

n 

1 1 

T j 

n j 

r 

1929, im\ ... 

: vV. 

•.« 

66 

«.«• 1 

! 66 

i 

66 

5.51 

66 

5.55 

52 15.58 1 

i 66 

0.42 { 

60 

-O.Ol 

193(», 1931. 

j m 

.23 ! 

68 

.56 ! 

I 68 

.55 

68 

.06 i 

68 

.41 

! 51 ‘ 

.51 

68 

.24 ! 

68 

- 09 

1931, m2. 

I 67 

.66 ! 

67 

.16 i 

1 67 

.55 

67 

.01 

67 

.45 

1 62 1 

.55 

60 

-19 

67 1 

.42 

1932, 19332. 

36 

.65 

36 ! 

.26 

36 

.38 

36 

.18 

36 

.26 

i ! 

.54 

36 1 

.20 

36 ! 

-13 

Averajxe or total -, 

<227 

1 


227 

.46 

'226 

! 

.54 

|227l 

.15 

1 

|227 

.55 

;i9i j 

.55 ! 

226 

.27 

227 

> .12 


i w»»Number of ootrinarit^ons. r-««>correlation coefficient. 
^ No data at Morrit. m 1933. 


There appears to be some basis for considering yield of total flour 
to be inherent, but the expression of this cliaraeter is so obscured 
l)y random environmental effects that its usefulness is limited. 

A similar situation holds with respect to cnide protein content of 
the wheat. Altliough some varieties are consistently high or low in 
(his character, many varieties appear to have a random type of 
variability. 

In the group of baking .scores there is one, crumb color, which 
appears rather definitely to be an inherent character because of the 
magnitude of its interannual correlations. This score is more nearly 
dependent upon one property of the wheat, namely, the carotinoid 
pigmentation, than are any of the other bread scores. In examining 
tlie individual interannual correlations of crumb color it should be 
kept in mind that in none of the years involved was there a serious 
epidemic of black stem nisi that would have interfered \\'ith the 
expression of color. Interannual correlations for loaf volume were 
not large, although significant positive relationships wore obtained 
for an average in each type of trial. There is little evidence of any 
inheritance of the properties of water absorption or of texture or grain 
of the loaf. 

In a study of this type it must be kept in mind that there is consider¬ 
able variation in both the response of the wheat plant to seasonal 
environmental factors and in the milling and baking procedure. 
When computing interamiual correlations, therefore, the results of 
two liighly variable tests are compared. It is not possible to grow a 
lar^e number of varieties, so comparisons must be made betwetm 
varieties grown in consecutive years. Higher correlations might 
have been obtained for seme of the milling and baking characteris¬ 
tics if comparisons t'ould have been made between averages of a con¬ 
siderable number of samples. It is possible and even probable that 
defects in the baking method iised may have interfered wth the 
proper expression of these characters. The possibility of this being 
the reason for the low interannual correlations is being investigated 
further at the Minnesota station, 

INTERSTATION CORRELATIONS 

The interstation coefficients of correlation for each of the characters 
included in this study were first calculated for each of the individual 
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years and then averaged to give the values in table 5. Only the 
spring wheat data from the Jio-acre j)lots could be used, because the 
rod-row samples consisted of composites from the different stations. 
These correlations indicate that, while each variety tends to react 
in the same manner,when grown in different locations, differences in 
soil and climatic factors greatly influence the expression of milling and 
baking characteristics. This fact suggests the desirability of studying 
the reactions of wheat varieties under as many conditions as practi¬ 
cable. The variation existing between the ripening dates for different 
varieties probably is an important cause of the low order of these 
correlations. In some cases it may be desirable to investigate methods 
of culture for experimental plots whereby the dates of maturity could 
be made to coincide for varieties as diverse as Manpiis and Reward, 
in order to obtain comparable data on inherent characters. 


Table 5. — InterMatwn cotrclaiion coefficienia hr quality characterisiicH of sprmg 
wheat varieties grown in ^ ^u-acre plots at four stations in Minnesota^ 1939^ ^ 


Coefficients for a\era;ze Interslatlon correlunon ^ 


Stations correlated 


i ! 1 I i i 

Test Total l ('rude .Absorp-j Loaf i ('olor TeUure i Oram 

weight flour , laotein ^ tion } vohiino J scorej srore "(ore 


University Farm and Waseea. i 
UnivcLsity Farm and Morns. .| 
University Farm and Crook- j 

ston.-. I 

WasetJa and Morris. 

Waseca and Crookstori.. 

Morns and Crookston. 

Total or a\ erage . . .. 


11 1 

r i 

n ’ 

r 

1 

11 ! 

r ! 

n ! 

r ’ 

n 1 

r 

■ n ! 

r ' 

n 1 

r 

H ( 

r 

81,0.45! 

si;o 

17 ! 

80,« 

.56' 

78*6 

.37 

814 

I.S5 

OO'fl 

.SH 

79’1 

.27 

796 

.26 


.40^ 

6fl' 

2b 

65' 

.651 

07 

• « 



34: 

. 22 ! 

m< 

1 

. 20 ; 


.46 

H2i 

.2?' 

82* 

1 

(»l> 

so' 

.45 

79; 

1 

.33 

H2| 

.23 

1 

07: 

.63| 

H 2 ! 

.27! 

80: 

.3? 


.68! 


.72, 

04' 

.66 

02 

21 

0 . 5 ! 

.27 


u 

05 

.28! 

05 ! 

■J4) 

81; 

.371 

81' . 

.32| 

80i 

.46 

78, 

2 : 1 ; 

Slj 

to! 

00' 

.58, 

79 

.36' 

HI' 

.36 

Wf 

.41| 

08) , 

.2i.; 

05! 

.47 

08| 

12' 

m 

09 j 

1 

:h 

00’ 

.72 

00; 

.48 

4'U! 

,441 

441’ . 

,29i 

m 

.52 

427 

.26- 

141 

.26! 

;«K)’ 

.46' 

437- 

.35! 

4:C: 

.36 


I No data at Morris in 

* n=»number of comparison."*; r*'correlation c<M*flideiU. 
■J No color data at any of stations in 1929 


INTERRELATION BETWEEN CHARACTERS 

Tlie various coefficients of correlation between the eharaeters for 
each of the three groups of samples aro given in tai)le 6. Some rela¬ 
tions that have been found previously to he significant within varieties 
when grown under different environmental conditions do not appear 
to be of great importance when diverse varieties are included within, 
the series and all varieties are grown under similar conditions. In 
this group are conelations of test weight with flour yield and protein 
content writh crumb color. The small but significant positive correla¬ 
tions between protein content and loaf volume are in agreement, on the 
average, with the results of previous trials by other investigators. 

The interlocking •agreements between loaf volume, color, texture, 
and grain are expected from long experience in test baking. This 
experience indicates that for a measure of color, texture, or grain the 
baking method should be so conducted as to yield bread of constant 
loaf volume, while for the determination of strength the volume 
should be pulled to a maximum. The results of these tests indioate 
some unsoundness in the underlying philosophy of baking-test methods 
now used that should be corrected as soon as methods can be devdoped. 
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Tahlk 6 .—Inicrrelaliomhim of the various and baking characteristics as 

expressed by the average correlation coefficients 


<"aelfk‘ients of interchuracter correJationf?» 


Characters correlatetJ 


Uod rows I 

Winter \ Sprint: wlteat 

wheat 2 j wlieat * 


Total flour and test weiplit- 

' r 

. i 0.82 

r 

0 oc 

r 1 

0.13 

n 

309 

Tolal flour and protein. ... 

04 

-.07 

.14 1 

'to*! 

Toifil flour and absorption,, 

22 

-.06 

11 : 

:u)\i 

'roial flour and loaf volume 

.80 

- OC 
03 

— 05 1 

:t09 

Total flour and tHilor . . .. 

H 

. H ; 


'I’otal flour and texture- . . 

(M 

-.20 

.02 ’ 

:Kn» 

1 otal flour and pruin. 

.12 

- 01 

- 00 j 

307 

and abMirptton.. _ 

' 15 

OH 

.OH S 

309 

Protein and loaf volume. , 

.20 

.16 

. 84 ; 

309 

Protein and color. 

.48 

.15 

1* , 

2H7 

Piotein and texture. - 

: .25 

13 

.20 ! 

309 

ProP'in and jrram.. 

- (Ml : 

.16 ! 

! -.02 , 

:vi9 

\bM>rption and loaf volume 

. H 

.05 1 

1 .11' 

3C9 

Absorption and color. . 

17 

.2M 

.16 ; 

2H7 

Absor|*tion and texture. 

-•!i2 1 

.24 

.21 i 

309 

Ab'jorption and jjnnn . 

- 12 

15 

ot 

307 

Loaf xolume and ecjlor. . 

.82 

.25 

.22 

2H7 

boat volume ami texture. 

.25 ' 

.28 

.65 i 

31W 

boaf volume ami firmn . 

.00 I 

.27 

0.3 

307 

('olof and texture 

* .50 1 

! .56 

> .68 

2S7 

Cokir and jjrain 

.42 

i .85 

.44 

704 

'f'exiure and grain. 

.26 

.42 

.87 : 

:mi7 


r - ('itrrelutmn co<»ll'cient. n =--niimiier of compa^i^on^ 

NumN'r of comparison'* 

\umlier of c«>in|>ariMn»'*~ IHH c\a*pt for total flour ami tent wemht, uhere 


DISCUSSION 

New varieties of wheat produced by the wheat breeder not only 
must have desiraVde agronomic characters and resistance to the more 
important plant diseases but they must also excel or equal in milling 
and baking (pialitios the best varieties grown commercially. These 
milling and baking qualities depend (1) on the inherent (jualities of 
the varieties and (2) on the influence of environmental factors on these 
inherent qualities. At present there is no method available for the 
determination of the <piality of new' varieties during the early segre¬ 
gating generations. If such a method could be evolved it would 
greatl>^ simplify the plant breeder's problem. 

In the absence of such a nieiho«l, however, it is necessary to mill 
and bake a lai'ge number of samples of the later generations when 
sufticient grain becomes available from the material §:iwvn under a 
normal range of environmental conditions. These milling and baking 
tests are rnaile after the new' strains have progressed to the lod-row 
plots. A composite sample of seed obtamen from trials made in 
different localities within the State is used. The data obtained from 
such tests are used to aid in selecting the more promising wheats and 
in discarding the less desirable ones. Later, as moie seed becomes 
available, varieties as grown in each loc^ity may be nulled and baked. 

The most striking feature of the milling and baking data on thowse 
w^heats was the relatively low magnitude of the observed interannual 
coefl5cients of corrdation for most characters. The outstanding ex¬ 
ceptions to this low order of oorielation were crumb-color scores. 
It would appear that the relatiive placing of wheat varieties for 
this character was less affected by environmental factors than was 
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the placing for any other character. However, in the placing for 
crumb color other factors tended to interfere with this relation. To 
some extent, as indicated by the numerous significant correlations, 
the crumb color w as partly'a function of the loaf volume and of the 
nature of the cnimb of the cut loaf. From a plant-breeding stand¬ 
point, therefore, it would seem necessary to make tests for color of 
flour in the early stages, and methods are available for making these 
determinations. 

The milling yield as expressed in percentage of total flour secured 
from the wheat tended to be independent of all the factors that affect 
the baking results. The interannual average correlations for total 
flour were usually significant and positive but of a low order. The 
same was true of the interstation correlations, wdth the exception of 
the high correlation of r==0.72 for Morris and Waseca. It has been 
shown by many workers, as w^ell as by the accumulateil knowdedge of 
practical millers, that the milling yield is largely a function of the test 
weight of the wheat, although correlation coefficients of low^ order were 
obtained in this study. The test w-eight of the wheat has l)een showm 
repeatedly to be reduced by such factors as moisture deficitmcy in the 
soil during the ripening period, hot and desiccating atmospheric con¬ 
ditions, frosts, and attacks of diseases such as rusts and root rots. 

During the years of these trials the test weights were frociuently 
adversely affected by one or more of these factors wdth the exception 
of frost. The varieties used had different dates of ripening, there 
being a range of over a week betw^een the earliest and t!ie latest 
varieties. Under these conditions it is not surprising that there w ere 
not high interannual and interstation correlations of milling yield. 
The milling yield should never be considered without keeping in mind 
at the same time the test weight of the wheat and the kernel texture. 

Crude protein content is often rather closely correlated with loaf 
volume wiien commercial samples are compared. In previous studies 
with wiieats of diverse nature, grown under similar environmental 
conditions, Hayes et al. (6’) found little evidence of consistent correla¬ 
tion between loaf volume and crude protein. In the present studies, 
carried over manj^ years, there W'as opjDortunity to draw more accurate 
conclusions. 

Interannual correlations for crude protein content and loaf volume 
for rod rows of winter wheat w^ere 0.20 and 0.32, respectively, the latter 
reaching the 5-percent point; for spring wheat rod rowrs, 0.13 and 0.39, 
respectively, the latter reaching the 5-percent point; in the ^^o-acre 

S lots of spring wheat both correlation coefficients were significant, 
eing 0.54 and 0.39 respectively. 

In interstation correlations during the same years, the coefficients 
for crude protein exceeded the 5-percent point in each case and 
ranged from 0.40 to'0.65. With loaf volume all six correlations were 
positive, three reaching the 5-percent point. These facts lead to the 
conclusion that inheritance is of considerable importance for both 
crude protein and loaf volume but that environmental conditions 
tend strongly to modify the results of individual comparisons. 

When data of all tests are combined, giving n values of 88,188, and 
309, the correlations between crude protein and loaf volume are 0.29, 
0.16, and 0.34, respectively, which certainly are of little selection 
vdiue although they do show positive relationship, 
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The baking test is an extremely complicated biochemical and bio¬ 
physical process. Be<tause of its complexity and sensitivity to 
environmental influence, it is fully as difficult to control for scientific 
purposes as is the growing of the varieties of wheat in truly comparable 
tests by the agronomist. Test-baking procedures may be classified 
in two fundamentally different categories. One includes those tests 
that subject all samples to a more or less rigid technique and set of 
conditions, the other includes those that tend to give each sample its 
optimum treatment. At present there is no evidence that conclusively 
proves one of these categories to be superior to the other for wdieat- 
variety testing. The method used in the studies here reported was 
the rigid procedure for all varieties. Thus the variations observed 
could bo said to be functions of the variety or station or year rather 
than of the method. These variations might or miglit not have been 
observed if some other baking technique had been ernployexi. The 
milling and baking tests for the years 1927 and 1928 were conducted 
by one technician, and all samples from 1929 to 1933, inclusive, w'ere 
milled and baked by a second technician. In this way personal 
variability w'as held close to a minimum. 

The various scores of the bread tended to be correlated, but most 
coefficients were rather small. In the winter wheats the correlation 
of loaf volume <md crumb grain was r 0.60, while in the spring wheats 
from the ^io-acre plots it w’as voiy low, being r -0.03. In the winter 
wheats the grain scores closely followed the loaf volumes, but the 
spring wheat loaves exhibited a wide range in grain scores at each 
loaf-volume level. Some varieties, such as Marquillo, tended to give 
a coarse, open grain regardless of volume. Certain other varieties of 
questionable gluten strength gave veiy poor grain with a large volume. 
Other varieties, such as Marquis, gave uniformly good grain at widely 
varying levels of loaf volume. Loaf volume and crumb texture were 
found to be correlated; this was especially noticeable on some of the 
spring wheat flours from the rod-row^ series in wiiich the volume was 
large and the texture very soft and silky. Cmmb color was correlated 
with texture and grain. This w^as due to shadow^s cast by the cell 
w alls, making coarse-grained bread darker in color than the fine, even¬ 
grained type. This relation did not hold in the case of extremely 
tight-grained loaves, because the thickness of the cell w’alls gave 
undue yellowmess to the appearance of the slice. 

SUMMARY 

Milling and baking tests w^re made on varieties of w^heai growm as 
a part of the wheat-breeding program during the years 1927-33, in 
the rod-rowr and Ko-acre varietal trials of the Minnesota Agricultural 
E^eriment Station. 

Correlation analysis w'^as used to determine intemnnual, inter¬ 
station, and intercharacter relationships for the characters of test 
weight, wheat protein, milling yield of straight pade flour, water 
absorption of the dough, loaf volume and color, and texture and grain 
of the cut crumb of the loaf. 

The magnitude of the interannual correlations tended to be rather 
low with the exception of crumb color, which appeared to be more 
independent of interfering environmental variables than did the 
other factors. 
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Interstation correlations tended to be significant but of a low order 
of magnitude, indicating a need for further study of the environmental 
factors that affect milling and baking quality and the desirability of 
developing practical methods of handling experimental plots so that 
all varieties will mature at the same time instead of with a spread of 
a week or more as at present. 

Intercharacter correlations indicate a close relation between loaf 
volume and color, texture, and grain. The relation between test 
weight, protein content, and milling jdeld was not apparent when 
varieties of diverse origin were compared. 

Better methods for determining the baking quality of wheat varieties 
are very urgently needed and should be based upon sound biological 
and physical studies. 
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CORRELATION OF BODY MEASUREMENTS OF SLAUGHTER 
STEERS WITH RATE AND EFFICIENCY OF GAIN AND 
WITH CERTAIN CARCASS CHARACTERISTICS ‘ 

By W. II. Black, senior animal husbandman^ Bradfokd Knapp, Jh., associate 
animal husbandman^ and A. C. Cook, associate animal husbandman^ Animal 
Husbandry Divisionf Bureau of Animal Industry^ United States Department of 
Agriculture ^ 


INTRODUCTION 

As a part of rocord-of-performanco work at the Agricultural Resoareli 
Center, Beltsville, Md., the cattle used in such work were measured 
at the time of slaughter to determine whether any relationship existed 
between body measurements and various production factors and meat 
characters. The record-of-perfonnance procedure necessitated that 
all the animals be of approximately the same weight (i, 10)? For this 
reason, the data are for a nearly weight-constant popidation. The 
variation in slaughter weight was aliout ±20 pounds from a mean of 
000 pounds live weight. The results of the correlation studj" are 
reported herein. 

REVIEW OF LITERATURE 

In a study of typ(» in beef calves, Hultz (5) showed that the most 
impoilant measurements for the determination of low setness are 
depth of chest, paunch circumference, and lieight at withers. In a 
study made at time of slaughter, Hultz failed to obtain a significant 
corndation between any of the body measurements of the calves and 
their type. The highest correlation he obtained was between the 
ratio of chest depth to height at withers and type. This correlation 
was too low to be significant. 

In a study of type in 2-year-old steel's, Hultz and Wheeler (6*) 
showed that a steer has the appearance of being low-set when the 
])ro])ortions of his chest d<'pth, heart girth, and paunch girth to lieight 
are great. In other words, a low-set steer has a large heart girth, is 
deep of chest, and has a large paunch girth in proportion to the ludght 
at withers. 

Lush {S) obtained a correlation of 0.503 between estimated fatness 
and a ratio of heart girth to height at withers of the steer. This is the 
highest correlation wdtli estimated fatness obtained. The ratio of loin 
width to lieart girth gave a correlation of 0.070. He concluded that 
ratios involving chest width have Ixigher correlations, larger average 
changes due to luttenin^, and larger standard deviations of the changes 
than ratios involving loin width. This finding seems to indicate that 
width of ohest is more closely related to fatness than width of loin 
but was not measured so accurately as width of loin. 

‘ iieoeived for RubUcation November 5,1937; issued May 

» AcIcnowletlRftnent is made lo O. G. IlaiiMns and R. L. ITtner. of tlie Animal Husbandry Division, for 
maktnji the meat .studies and to L. B. Burk, A. T. Edimror, and M. T. Fostor, of the Bureau of Agricultural 
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In a study of the relation of body shape of feeder steers to rate of 
gain, to dressing percentage, and to value of dressed carcass. Lush (9) 
showed that for high dressing percentages and dressed-carcass values, 
the most important measurements are a large heart prth in con¬ 
nection with a shallow chest, a wide loin, and large flank girth, a 
large initial weight, small paunch girth, head narrow at the eyes, and 
a short height over hips. Maximum gains, Lush concluded, are 
associated with a long body, tall at the withers, with a large paunch 
girth but small flank girth and narrow at the loin—a big skeleton but 
poor in flesh. 

Knapp and Cook (7) deinonstrated that between beef and dual- 
purpose Shorthorns certain differences exist in body measurements and 
in ratios of body measurements. According to their data, with steers 
slaughtered at 900 pounds weight the animals with the lowest height 
at withers are of the better beef type. In a study of the ratio of height 
at withers to heart girth they showed that there is a significant 
difference between beef and dual-purpose cattle. 

MATERIAL AND METHODS 

The 50 animals used in this study were record-of-})erfonnance steers 
of beef, dual-purpose, and dairy breeding. They were fed individually 
corn, oats, wheat bran, and linseed meal before weaning and corn and 
alfalfa hay after weaning. Ail animals were weaned at 252 days of 
age. As already stated, the population studied was nc^arly weight 
constant, the steers being slaughtered at as nearly 900 pounds live 
weight as possible. 

A committee consisting of three men familiar with the standard 
market grades of steers, as adopted by the United States Department 
of Agriculture, graded the ^ slaughter steers. Figure 1 shows the 
position of all the measurements taken on an animal. 

Correlations were obtained between the various body measurements, 
or ratios of body measurements (shown in table 1), and efficiency of 
gain, average daily gain, dressing percentage, percentage of fat in 
carcass, percentage of total edible meat in carcass, and slaughter 
grade. The correlations were computed according to the methods of 
Wallace and Snedecor {11). Yapp’s index is computed as outlined in 
his paper {12), This index takes into consideration height, length, 
and weight of the animal. No standard error was computed, but, 
according to Fisher (4), for a P of 0.05 based on a sample of 50, the 
correlation, to be significant, must be higher than 0.273, and for a P of 
less than 0.01 the correlation must be higher than 0.354. Thus, in the 
following results, correlations higher than 0.354 arc considered signifi¬ 
cant, whereas those between 0.273 and 0.354 are considered of ques¬ 
tionable significance. 

RESULTS 

In table 1 are shown the positive and negative correlations between 
the various bod}^ measurements and factors of beef production. 
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Fiouiir 1 — Location of measurements studied' 1, HeiKht at withers; 2, height of floor of chest, 3, depth of 
chest, 4, length of body from pinbone to shoulder point; 5, heart girth; fi, width of shoulder; 7, width 
of chest; 8, width of loin; and 9, width of hips. (X indicates measurements taken through body.) 


Table 1. —Correlations of body measurements and ratios of body measurements with 
the factors indicated, in record-of-performance steers 


Body mefisureni(mt.s 

Efficiency 
of gain 

Average 
daily gam 

Dressing 

Iiercentage 

Percentage' 
of fat in 
carcass 

Percentage 
of total 
edible meat 

Slaughter 

grade 

Height at withers. 

-0 3667 

-0.1907 

-0. .5011 

-0 7989 

-0.8296 : 

-0.8293 

Height of floor of chest. 

-.2909 

- 1252 

- 4602 

-.6974 

6762 

7105 

Depth of chest. 

-.2425 

- 1871 

-. 3857 

- 4613 

~. 6467 

-. 5290 

Length of body.... 

- 4335 

-.3224 

4875 

- 6347 

-.7116 

-.7447 

Heart girth_.. 

f 0721 

- 0542 

+. 1283 

+. 2969 

+.2240 

+ 3908 

Width of shoulder... 

-f. 4504 

+. 4212 

+ 38<'0 

+.4113 

+.4447 

+. 6144 

Width of chest. 

-f. 3390 

+.2929 

+. 5019 

+. 5844 

+.5769 

+ 6605 

Width of loin. 

-. 0517 

-.0527 

! - 1104 

1557 

0973 

-.0572 

Width of hips. 

-.0910 

1 -.2002 

+ 1904 

+ 2509 

+. 2094 

-J-.3585 

Ratio of heart girth to height.. 

t 3226 

! +. 1216 

+. 5356 

+ 7611 

+.7600 

+. 8252 

Yapp’s index.. 

-.4430 

-.2850 

-. 5659 

- 7632 

-. 7934 

- 8593 

Ratio of body weight to height. 

+.4407 

+. 3323 

+. 5320 

+ 7537 

+.7668 

+. 8361 

HeBjrt girth X 100 

Height X length 

+.4063 

+.2301 

+ 5631 

+. 7736 

+.8072 

1 

+. 8713 

Ratio of w'idth of chest to 
height at withers__ 

+. 4042 

+ 2900 

+. 0144 

+ 7362 

1 

+. 7498 

+ 814.3 

Slaughter grade__ 

+ 4902 

+. 3541 

+.6431 

+. 8201 

+.8325 1 



CORRELATIONS WITH BODY MEASUREMENTS 

Height at withers is, strictly speaking, a skeletal measurement and 
shows a negative correlation with all the factors studied. The corre¬ 
lation between height at withers and efficiency of gain is significantly 
negative. The taller, rangier type of animal, therefore, has a slight 
tendency to put on gains less economically than the shorter, blockier 
type. However, there was no significant correlation between height 
at withers and rapidity of gain. According to the results obtained, 
the shorter type steers have the higher dressing percentage; the rangier, 
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taller animals are lower in this respect. This correlation is significant. 
Height at withers was highly correlated negatively with percentages 
of fat and edible meat in the carcass. The taller type animals, there¬ 
fore, have less fat and less total edible meat than the lower, blockier 
type. There is a very high negative correlation between height at 
withers and slaughter grade. 

Length of leg, as shown by height of floor of chest, has a negative 
correlation with the production factors considered. The correlations 
are not so high throughout as those involving height at withers, but 
they are in about the same order. The correlation between height of 
floor of chest and efficiency of gain is of questionable significance, 
whereas that between height of floor of chest and average daily gain 
is not significant. 

Depth of chest appears to be a skeletal measurement in that, like 
other skeletal measurements, the correlations are all negative. Again 
the correlations are slightly lower than those involving height at 
withers. From the three measm-ements so far discussed, it can be 
concluded that with weight constant, the shorter in height, shorter 
legged, shallow^er type of animal is higher in cfliciency of feed utiliza¬ 
tion and has more fat, more edible meat, and less bone in the carcass 
than the taller, longer legged, deeper bodied animal. This is in 
agreement with the findings of Imsh («9). 

Length of body, as measured frojn pinbone to shoulder point, sJiows 
higher correlations with efliciency of gain and with rapidity of gain 
than does height at withers but lower cori*elations with dressing per¬ 
centage, percentage of fat, and percentage of edible meat. The corre¬ 
lation between height at withers and lengtJi of body is 0.69.57. The 
fact that the coefficient of alienation equals the coefficient of correla¬ 
tion does not neceissarily indicate that an animal short in Jieight is 
short in body. The actual length of body shows considerable varia¬ 
tion from the estimated length derived from the actual height at 
withers, computed by the estimating equation from the correlation of 
0.6957. In other studies made by the writers, length of body had a 
much higher correlation with efficiency of gain than did height at 
witliers. In the present study the difference is not significant. It 
may be concluded, however, that length of body is associated more 
closely with efficiency of gain than is height at withers. 

As shown by table 1, negative correlations were obtained between all 
the skeletal measurenients and the quality of the end product, as 
judged by the quantity of jneat or fat or the slaughter grade of the 
animal. This result is to be expectexl in a nearly weight-constant 
population. 

Heart girth shows only two correlations of even questionable sig¬ 
nificance—those involving percentage of edible meat and slaughter 
grade. With a weightrconstant population, it is not expected that 
there would be any correlation betw’^een heart girth and the remaining 
four factors. Heart girth has been used to determine weight of 
animal, and the relationship between these two factors is very close. 
The positive correlation between heart girth and slaughter grade 
shows that condition of fleshing plays a part in size of heart girth for 
a riven weight. 

Width of shoulder and width of chest show positive relationships 
with all the factors studied. The correlations involving width of 
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shoulder are consistently higher for efficiency of gain and lower for 
the characteristics of the slaughter animal than the correlations 
involving width of chest. 

Width of loin is not correlated with any of the factors. The cor¬ 
relations are consistently negative but none may be considered sig¬ 
nificant. This finding is contrary to that of Lush (cV), who shows that 
width of loin makes next to the largest change with increasing fatness. 
Luslfs data were not used for a weight-constant population. 

Width of hips shows low insignificant negative correlations with 
efficiency and rapidity of gain and low positive correlations with 
slaugliter grade, percentage of fat, percentage of edible meat, and 
dressing percentage of the animals. The only correlation that may 
be considered significant is between width of hips anti slaughter grade. 

CORUELATIONS WITH RATIOS OF BODY MEASUREMENTS 

The correlations of ratios of body measurements with production 
factors are rather high wiien compared witli the results obtained by 
Lusli (8) and by ITultz (J, 6). This lack of agreement may be caused 
by tlie fact that the population studied by the present authors W'as a 
weight-constant group, wiiereas tlie populations studied by ljush and 
Huitz were not. 

The ratio of heart girtli to height at withers has a significant cor¬ 
relation with dressing percentage, percentage of edible meat, percentage 
of fat, and slaughter grade but not with either efficiency of gain or rapid¬ 
ity of gain. The correlation of 0.76 with percentage of edible meat in 
the carcass sliows that this ratio may be used as a method of predicting 
percentage of total edible meat. A w^ell-finished steer, therefore, 
should be less tall for a given circumference of chest than a poorly 
finished steer. 

Since there w ere certain slight deviations in w eights of the animals 
at time of slaughter, a ratio of weight to height at withers w^as com¬ 
puted. Tlic correlations show- that it is a better measure of slaughter 
grade, jicrcentage of edible meat, and efficiency of gain than is the 
ratio of heart girth to height at withers. These correlations are about 
the same as those obtained with height at withers alone, except that 
one group is positive and the other negative. 

Yapp's index, although negative, shows in respect to efficiency and 
carcass characteristics, with the exception of dressing percentage, the 
highest correlations of the group of ratios. Only one of the cor¬ 
relations, average daily gain, is of doubtful significance; the others are 
highly significant. This index may be used to estimate percentage of 
fat and percentage of total edible meat but is not so efficient as the 
judgment of an experienced grader. Percentage of fat may be esti¬ 
mated from slaughter grade with 9 percent less error, and percentage 
of total edible meat with 6 percent less error, than from Yapp's index. 
The fact that weight is constant may account for higher correlations 
than Yapp has showm. The difference in correlations betW'een Yapp's 
index and the weight-height ratio is very small, and because of the 
number of measurements required in the Yapp index it is not believed 
that it is a much better measure. 

The ratio ^ suggested by Duerst (3), is similar to 
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the Tapp index. The correlations are higher than those shown for the 
ratio of heart girth to height at withers, and in most instances are 
superior to those obtained by the weight-height ratio. The ratio 

l^g ht ' kfe ^^^ shows a higher correlation wdth slaughter grade, per¬ 
centage of fat, and percentage of edible meat than any of the other ratios. 
The correlation with slaughter grade of 0.8713 is high enotigh to be of 
use in determining the dressing percentage, percentage of fat, and per¬ 
centage of edible meat of an animal. Likewise, the high correlation 
with percentage of total edible meat makes possible the use of this 
ratio to estimate percentage of total edible meat. However, it is not 
so easy to use as the ratio of body weight to height at withers, and the 
difference is not great enough to warrant the time required to measure 
anything except height at withers. 

The ratio of width of chest to height at withers is in fair agreement 
with the other ratios. As a whole, this ratio does not show as high 


correlations as the other ratios. The correlations with efficiency of 
gain, average daily gain, and dressing percentage are higher than those 
obtained by the use of the ratio of heart girth to height at withers, 
whereas the correlations of percentage of fat, percentage of edible 
meat, and slaughter grade are lower than those obtained by this ratio. 

Slaughter ^ade shows throughout higher correlations than any of 
the ratios. That visual observation should be superior to measure¬ 
ments or ratios of measurements seems reasonable since measurements 


cannot show exactly the symmetry and proportions that should exist 
in a good beef-type animal. All the correlations obtained through the 
use of slaughter grade are significant. The correlation of 0.8325 w ith 
percentage of edible meat in the carcass shows that selections are being 
made of animals with low percentage of bone. Taken as a whole, the 
congelations indicate that committee judgment is a more accurate 
estimate of the worth of an animal than any ratios of body measure¬ 
ments. Lush {8) concludes that measurements should be regarded 
as supplementary and confirmative of the inferences drawn from 
weight and appearance rather than as a substitute for the information 
gained from the study of the weights alqpe. The authors have like¬ 
wise found it to be true in regard to slaughter grade of animal; measure¬ 
ments can well be a part of such studies but should not be substituted 
for slaughter grade of the animal. 

Ihe authors found that when weight of thp animals is kept constant 
there is a much higher relationship between body measurements and 
ratios of measurements and various production factors than either 
Lush or Hultz found in their studies. A comparison of the ratios and 
their correlations shows that Tapp’s index, in general, gives the 
highest correlations with efficiency of gain and with the carcass char¬ 
acteristics studied. The,weight-he^ht ratio gives almost as high corre¬ 
lations and for all practical purposes they may be considered the same. 
The heart girth-height ratio on an average gives the poorest correla¬ 
tions in the group of ratios, although the correlation with slaughter 
grade is high. 

To make use of these ratios a study must be made of changes 
occurring in the ratios during the life of an animal; in other words, 
changes in the ratios due to increasing fatness, weight, and age. The 
ratio of weight to height, for instance, changes gradually from about 
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1.2: 1 at birth to 7.5: 1 at 15 months of age, as found by the authors in 
a study with Shorthorn steers, the number in the various groups rang¬ 
ing from 6 to 23. The results agree in general with those of Brody and 
his coworkers (2), who used Hereford and Shorthorn steers (fig. 2). 
These fiiulings show that if this ratio is to be of use in a random- 
weight population, an age correction factor must be employed, v The 
important jioiiit is that the ratio between any one of the skeletal 
measurements and weight changes witli age as well as with fatness. 



The recent trends in beef type have been to produce the most meat 
with the least skeletal growth. Such a trend should not go to the 
extreme in small skeletal growth. 

SUMMARY 

A correlation study was made of the body measurements, in relation 
to efficiency of gain, average daily gain, dressing percentage, percentage 
of fat in carcass, percentage of total edible meat, and slaughter grade, 
of 50 head of record-of-performance steers slaughtered at the Agri¬ 
cultural Research Center, Beltsville, Md. They were of beef, dual 
purpose, and dairy breeding. All animals were slaughtered at 
approximately 900 pounds of five weight. 
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Correlations indicate that height at withers (with weight nearly 
constant) is one of the best measurements of performance, although 
length of body had a higher correlation with efficiency of gain and 
average daily gain than did height at withers. 

Of the ratios of measurement studied, a ratio of weight to height at 
withers gave a higher correlation with performance factors than any 
other ratio for the number of measurements taken. Yapp’s index, 
which takes into consideration the height, weight, and length of the 
anunal, gives in general the highest correlations. However, the 
differences betw^een them and the correlations obtained by the use of 
the weight-height index are not sufficiently great to justify taking the 
large number of measurements required in the use of Yapp’s index. 

Slaughter grade was found to be a better measure of beef type than 
any ratios of measurements. Therefore, measurements should not 
replace, but should supplement, reliable slaughter grades. 

If any ratio is used, corrections w^ill have to be made for differences 
in fatness, weight, and age of the animal, for these ratios do not remain 
constant for any one individual during the entire course of its life. 
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SPOTTING OF FIGS ON THE MARKET * 

By Chablbs Brooks, principal pathologistf and L. P. McColloch, principal 

scientific aide^ Division of Fruit and Vegetable Crops and Diseases^ Bureau of 

Plant Industry, United States Department of Agriculture * 

INTRODUCTION 

Figs {Ficus carica 1^) that are poorly refrigerated in transit or that 
are held on the market after arrival are likely to develop a surface 
spotting that seriously detracts from their market value. This 
spotting occurs on fruit from the Atlantic as well as on that from the 
Pacific coast and on all varieties that have been under observation. 
Smith and Hansen ^ have described a disease that appears to be 
identical with that under consideration and have reported its occur¬ 
rence in the San Joaquin Valley of California both on the fruit on the 
tree and on fruit in transit to the cannery. They found Alternaria 
sp. to be the causal organism. 

DESCRIPTION AND CAUSE OF THE DISEASE 

The spotting is confined largely to fully ripe fruit and is favored 
by cracks in the skin and by the sugary solution often found on the 
surface of the fig. Species of Alternaria, Cladosporium, and Botrytis 
have been isolated from the diseased areas, but Alternaria has been the 
prevailing fungus. 

ALTERNARIA 

The Alternaria spots are first evident as small grayish-white tufts 
of mycelium; as these enlarge they soon darken to an olivaceous 
color ^ (fig. !)• At first the fungus appears to have but little attach¬ 
ment to the sldn and sometimes can be rubbed off with little evidence 
of injury; but as the spots enlarge and become slightly sunken, any 
attempt to remove the fungus also removes the skin. The organism 
apparently can penetrate the skin readily. The mycelium is soon 
found in abundance at a depth of several cells with scattering hyphae 
much deeper in the tissue (fig. 2). 

The foregoing description applies particularly to the Alternaria 
spotting on California figs. Figs from Norfolk, Va., have a similar 
spotting due to Alternaria, but the fungus retains its whitish-gray 
color longer and never becomes as dark as the California fungus 
(fig. 3). 

The two forms of Alternarm also show differences in growth on cul¬ 
ture media (fi^s. 4, 5, 6, 7). In Petri-dish cultures the Virginia 
Alternaria, unlike the California form, often develops a radial appear¬ 
ance and a hairy, threadlike growth, and on water agar it shows a 
tendency to coil (fig. 7). 

1 Received for publication August 26,1937, issued May 1938 

* The authors arc indebted to W. T. Pentzer and C. E. Asbury, of the Division of Fruit and Vegetable 
Crops and Diseases, for cooperation in obtaining the figs from Fresno, Calif., and to C. O. Bratley, of the 
same Division, for cooperation in obtaining those purchased on the New York market. 

3 Smith, R. E., and Hansbn, H. N. fruit spoilage diskases of figs Calif. Agr. Expt. Sta Bull. 
606, 84 pp., illus. 1931. 

* This and later color references are based on Ridgway standards. Ridgway, R. color standards 
AND COLOR nomenclature. 43 pp., lllus. Washington, D. C. 1912. 
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Fiquek 2.—Pbotomlorograph of an AitermrUi lesion ftrom a Califomia Black Mission fig as seen in radial 
section^ X 140. Note the spores and mycelium on the surface, the thick network of hyphao between the 
outer layers of cells, and the occasional hypha at a depth of 16 or 20 cells. 
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i(^ UBE 4 —Couidia of the California. Itfernana A »From a 30>day cult lire on h ater asar, B, from California 
figs, C, secondary characters of conldia from a culture on potato dextrose agar, 1), vecondary characters 
of conidia from an inoculation on figs X 450 
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The following measurements and studies are based largely on water- 

agar cultures. The scant 
mycelial development on 
' this medium gives an excel- 

lent opportunity to follow 
spore formation, and the 
spores and sporophores are 
U q apparently typical. 

TO Ij A conidiophores are 

/z P darker than the mycelium, 

^ and they may be either erect 

^ // decumbent. On the Cal- 

^ ifornia Alternaria , they were 

^ 25^ to 250/x by 3/i to Sju and 

were sometimes moderately 
^ echinulate; on the Virginia 

^ ^Iftemana, they were 20/i to 

water agar. X 450. 180/i by 4ju to o/x and ecniti- 

ulaiion was not observed. 


The conidia of the Virginia form were produced in short chains, 
having usually three to 


four and sometimes as 
many as nine conidia 
to a chain. They were 
obclavate to pyriform, 
muriform; sometimes 
echinulate; at first pale 
yellow green but later 
olivaceous; one- to five- 
septate; and measured 
17/x to 35/x by 6 m to 10 m. 

The conidia of the 
California form were 
produced in long chains 
that often developed 
secondary branching. 
The conidia were ob¬ 
clavate to pyriform and 
bpadly muriform; defi¬ 
nitely echinulate; at first 
pale to amber yellow 
but later olivaceous to 
fuscous; usually short- 
beaked; longitudinally 
and transversely sep¬ 
tate; and measured 20 m 
to 75 m by 8 m to 17 m. 
The development of sec¬ 
ondary character was 
found on all substrata 
tested, the conidia finally 
became much distorted 
and swollen, and septa 
fomjed at various an^es. 



B'igurb 6,—Photomicrograph of the California AUtrmriu after 4 
days on water agar. X 270. 
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Fig mil. 7 —Growth contrasts of tht California Altermria and the Viriemia MUrnarta aftt r 8 days at r< om 
tomperaturo A, C'alifornia iUermna on water agar Virginia XUtrnana on watir agar f, California 
Uttrnana on corn mtal agar, D Virginia Xlttmano on corn nual agar, r, California Alternarta on fig 
agar i, Virginia Alternaria on flg agar 
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The California organism is readily included in the Alternaria tenuis 
group as described by Elliott,® and there does not seem to be sufficient 
ground for excluding the Virginia organism from this group. Until 
further studies of the genus are made it seems best to consider the 
two fungi as strains or varieties of A. tenuis Nees. 

CLADOSPORIUM 

A Clados'porium isolated from spots on California figs was found 
to have some pathological significance. Figure 8 shows the type of 
spotting produced on Calimyrna figs after inoculation with a spore 
suspension of this fungus. 

The Cladosj>orium spots appear first as dark olive-green specks 
that are particularly noticeable on the light-skinned varieties. The 



Fiouke 8. -(Hadosponum spots on C''alim>rna Ars after inooulution with a spore suspension and jiroloiiRod 

huldiuR at 32° K 

lesions enlarge, become slightly depressed, and turn to a yellowish- 
olive color. 

Conidial production begins early, and the surface growth on the 
fruit is composed largely of conidiophores and conidia. The conidio- 
phorcs arise in tufts, erect or nearly so, from a nodular mass of cells 
embedded in the epidermis. They are septate and brownish olive in 
color and are 3m to 4.8m in diameter. 

The conidia take various forms—cylindrical, elliptical, ovoid, sub- 
fusiform, and subglobose. All are continuous at first but later the 
basal and immediately adjacent conidia may become once or more 
septate (fig. 9). Occasionally other conidia become once septate. 
As the conidia mature, they change from hyaline to pale greenish 
yellow and finally become olivaceous. Excluding the elongated basal 
cells, the conidia measure 3m to 7.2m by 2m to 5.6m- The basal cells, 
which are readily detached as conidia, measure 12m to 24m l>y 3.r)M to 
5 m. The conidial forms in culture were similar to those found on the 
fruit. 

• Elliott. J. A. taxonomic chahactbristics of the genera alternaria and macbosforium. Amer. 
Jour Bot. 4' 439-176, llluB. 1917. 
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On figs and on agar cultures, tbe branching of the conidial arbor 
was predominantly dichotomous rather than syinpodial, and the conid¬ 
ial formation was of the nonnodendron type. However, the com¬ 
parative studies of Brooks and Hansford,® Bennett,^ and Robak ® place 
this llormodendron as a form or variety of Cladosporium herbarum 
(Pers.) Link. The writers liave compared the fungus under con¬ 
sideration with a culture of Cladosporium herbarum received from 
Dr. Johnanna Westordijk, director of Centra a,] bureau voor Schim- 
melcultures, Baarn, Netherlands, and have found no significant dif¬ 
ference between the two organisms. The fungus is therefore classified 
as O. herbarum (Pers.) Ijink. 

While this Cladosporium has been isolated from figs and has pro¬ 
duced spots when inoculated on the figs, it should be emphasized that 
it is not of great economic importance. Its occurrence has been con¬ 
fined largely to overripe fruit. The spotting of otherwise marketable 
figs is caused almost entirely by Alternaria, 

BOTRYTIS 

Rotryfis sp. was occasionally found on overripe figs, but the fungus 
was inclined to spread over the surface of the fruit in a manner that 
set it entirely apart from the spotting under consideration. 

MATERIALS AND METHODS 

The fruit used in the present experiments was obtained from various 
sources, and the following lots will be referred to later by number. 
The variety names for the eastern lots are those given by the sales¬ 
men or the producers. 

Lot Jf.—Black Mission figs tliat had been held in storage at Exeter, Calif., for 
15 days, July 1932, were the source of the original cultures of Alternaria, 

Lot 2. —Kadota, Black Mission, Black Spanish, and Calimyrna figs were picked 
at Fresno, Calif., August 8, 1932, and forwarded to Yakima, Wash., by ordinary 
express. They arrived in Yakima August 10, free from mildew and in good con¬ 
dition, and were used iii experiments the following day. 

Lot 5.-—Black Mission figs from Sultana, Calif., purchased on the Washington, 
D. C., market July 13, 1933. 

Lot Jt .—Black Spanish figs from Norfolk, Vh;, purchased on the Washington, 
D. C., market August 17, 1933. 

Lot 6. —Calimyrna figs from California, purchased on the New York market 
August 25, 1933, and forwarded to Washington, D, C., by ordinarj’^ express. 

Lot 6. —Brown Turkey figs from Norfolk, Va., purchased on the Washington, 
D. C., market September 6, 1933. 

Lot 7 .—Figs purchased from a local grower, AYashington, D. C., September 11, 
1933: (a) Black Spanish or related variety; (b) Green Ischia or related variety. 

Lot 8 .—Brown Turkey figs from Norfolk, Va., purchased on the Washington, 
D. C., market September 27, 1933. 

Lot 9 ,—Black Mission figs from California, purchased on the Washington, 
D. C., market June 6, 1934. 

Lot 10 ,—Black Mission figs from California, purchased on the New York 
market June 30, 1934, and takeji to Washington, D. C., the same day. 

Lot 11 ,—Calimyrna figs, purchased on the New York market August 9, 1934, 
and taken to Washington, D. C., the same day. 

Lot Calimyrna figs, purchased on the New York market August 13, 1934, 
and forwarded to Washington, D. C., by ordinary express. 

• Brooks, F. T., and Hansford, C. Q, mould growths upon cold-store meat. Brit. Mycol. fioc. 
Trans. 8:113-142, illus. 1923. 

^ Bennett, F, T. on cladosporium herbarum; the question op its parasitism, and its relation 
to ‘‘thinning out'" and “deaf ears" in wheat. Ann. Appl. Biol. 16: 191-213, Ulus. 1928. 

• HobaK, H. investigations regarding fungi on NORWEGIAN GROUND WOOD PULP AND PUNGAI.. 
INVASION AT WOOD PULP MILLS. Nyt. Mag. NatUTvidenskab. 71:186-330, illus. 1932. 
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Lot 13, —Calimyrna figs, purchased on the New York market August 20, 1934, 
and forwarded to Washington, D. C., by ordinary express. 

Lot 14 . —Calimyrna figs, x^urchased on the New York market August 17, 1935, 
and taken to Washington, D. C., the same day. 

Lot 15. —Calimyrna figs, purchased on the New York market August 21, 1935, 
and forwarded to Washington, D, C., by ordinary express. 

Lot 16. —Calimyrna figs, purchased on the New York market September 3, 
1935, and forwarded to Washington, D. C., by ordinary express. 

The inoculations were made in all cases by spraying: the figs with 
sterile-water spore suspensions of organisms previously isolated from 
figs. After inoculation the figs were held in the open until dry before 
being placed under the exj)erimental conditions. All of the figs were 
apparently free from spotting at the beginning of the experiments. 
In part of the tests, as mentioned later, the figs were disinfected wdth 
a bichloride of mercury wash prw)r to inoculation. 

From 15 to 20 fruits were used under each condition in each experi¬ 
ment. Great care was used in selecting the figs so that those to be 
compared would be as nearly alike as possible in maturity and in 
freedom from injury. 

Uidess otherwise stated the spotting reported in the following experi¬ 
ments was of the type produced by Alternaria tenuis. 

EFFECT OF HUMIDITY 

Smith and Hansen^ reported that fig spotting was likely to develop 
after summer rains or periods of high humidity and that at certain 
times during the season almost all figs ot the white varieties would 
develop the disease if they wore confined in a moist chamber. 

Tablk 1.— EjBfect of hvmidity on the development of spotting on figs 
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* Humidity of 90 percent or more. 

> Humidity of 70 to 80 percent. 

« Humidity of approximately 65 percent. 

« During the last 3 of the 5 days all lots were at 60** F. and high humidity. 


* Smith, R. and Hansen, H. N. See footnote 3. 
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In the present hninidity studies the figs of lots 3, 5, and 8 were held 
in glass jars of 9-quart capacity and those of lot 16 and lots 9 to 13, 
Inclusive, were held in metal boxes of approximately 1-cubic-yard 
capacity. Low humidity was maintained by the use of cahuum 
chloride and high humidity by moans of damp cloth or damj) filter 
paper. With lot 3 the air was stagnant; with lots 5 and 8 it was 
slowly renewed; and with the remaming lots it was kept in motion 
by means of fans. The results of the experiments are shown in table 1. 

All of the figs were inoculated, as previously described (p. 481.) 
The figs of lot 16 were disinfected with bichloride of mercury l)efore 
inoculation; those of the other lots were not. An uninoculated lot at 
high humidity w^as included in most of the tests. The number of 
spots on the uninoculated figs was about one-fourth as great as that 
on the inoculated figs. The figs stored under medium humidity 
showed only slight shriveling, but it was evident in most cases that 
the moisture was as low as practicable for maintaining the product in a 
marketable condition. The figs held at low humkiity (65 percent) 
soon became too badly withered to be marketable. 

Storage at low humidity entii’cly prevented the development of 
spots. The figs hold at medium humidity Imd less spotting in nearly 
every instance than those lield at high humidity, but tliis reduction 
was seldom more than 30 jiercent. The effect of humidity appeared 
greater at 59° F. than at any of the lower temperatures. In the single 
test with Cladosporium the humidity effects w^ere similar to those 
obtained with Alterriaria. 

The results show that humidity may be a factor of irni)ortanco in 
the development of spotting, but they do not indicate that it is likely 
to form the basis for practical control. 

EFFEjCT OF TEMPERATURE 

The effect of temperature \ipon the development of fig s})otting was 
tested both on fruit and on culture media. 

Three series of experiments were made with the California AUernaria 
on cultime media. In each series five l^etri plates were used at each 
of the six temperatures. The curves o^ figure 10 give the average of 
the results of the different experiments 

A study of the curves shows that the AUernaria growth rate was 
approximately twice Jis rapid at 77° as at 59° F., about twico as rapid 
at 68° as at 50°, nearly three times as rapid at 59° as at 41°, and fully 
three times as rapid at 41° as at 32°. 

The effect of temperature upon the number of spots on the fruit 
is shown in table 2. Jn several of the tests the notes were taken after 
all of the lots had been held at a common temperature for 1 or more 
days after removal from the special temperatures. The results give 
a correct picture of what is likely to happen when figs are removed 
from storage, but do not show as great contrast as if the figs had been 
continued at the different storage temperatures until the time of 
note taking. 

Notes taken at the time the figs were removed from the special 
storage conditions indicate that the effect of temperature on the num¬ 
ber of AUernaria spots on the fruit is fully as great as the effect on the 
rate of growth in Petri dish cultures (fig, 10). In a single test with 
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the Virginia Alterrtaria, temperatiire contrasts were obtained similar 
to those reported in table 2 for the California Alternana. 

In the three tests with Cladosporium (table 2), the effect of tempera¬ 
ture upon spotting was similar to tliat in the corresponding tests with 
Alternaria. 

The spots at the higher temperatures were usually much larger than 
those at the lower temperatures as well as more numerous. There 
seems to be no doiibt of the extreme value of low temperature in the 
prevention of spotting of figs. 

EFFECT OF CARBON DIOXIDE 

The effect of carbon dioxide upon Alternaria and Cladosjtorium was 
tested both on culture media and on the fniit. The storage atmos- 
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pheres w^ere maintained by constant renewal with mixtures of carbon 
dioxide and ordinary air combined by means of flowmeters. 

Two series of experiments were made in wliich Alternaria was 
grown on potato-dextrose agar in Petri plates. In each series five 
plates were used under each condition. In the series reported in 
figure 11 the carbon dioxide was maintained at approximately 30 per¬ 
cent, and in the series reported in figure 12 at approximately 50 per¬ 
cent. Similar lots of plates were held at the various temperatures in 
ordinary air. After 2 days' treatment with carbon dioxide the plates 
were removed from the prepared atmospheres and held with the con¬ 
trol plates at the original temperature. 

It was found in general that the 2 days' exposure to atmospheres 
containing 30 percent of carbon dioxide delayed the growth of the 
fungus about days and that a similar exposure to atmospheres 
containing 50 percent of carbon dioxide caused a delay of approxi¬ 
mately VA days. The delay was fully as great at the lower as at the 
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Table 2. —Effect of temperature upon the development of spots on figs that had been 
inoculated with a spore suspension of AUernaria or Cladosporium 


{Isolations from California figs] 


FungUwS and lot No. 

1 

Period of ; 
storage 

Holduig 
tempera¬ 
ture after 
storage 

1 

Period 

held 

Spots per fruit In lots removed from— 

32° F. 

41° F. 

60° F. 1 

60° F, * 68° F. 

.- 1 

Atternaria: 

Days 

O 

i 

Days 

Number i 

Number 

Number \ 

Number | Number 

3. 
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1.7 ! 



31 8 !-. 

4. 
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70 
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.3 
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higher temperatures. It is eAudent that during the period of treat¬ 
ment with carbon dioxide the activity of the fungus must have been 
reduced in the first case to roughly one-third of normal and in the 
second to about one-fourth of normal. At the higher temperatures 
this inhibition was slightly less than that resulting from a dro.p of 
18° in temperature, as shown in figures 11 and 12. 

The results from the carbon dioxide experiments wdth fruit are showii 
in table 3. Exposure at 59° or 68° F. to atmospheres containing 
35 percent or more of carbon dioxide usually gave as great inhibition 
of spotting as holding at 32° without carbon dioxdde. The results 
following AUernaria inocidations were somewhat more decisive than 
those following Cladosporium inoculations. 

The figs of lot 7 (p. 480) were given carbon dioxide treatments 
similar to those reported in table 3, but the spotting was obscured 
by the development of Rhizopus sp. The carbon dioxide held this 
fungus in check as well as it hold Altefnaria, 

In other experiments with fruit the carbon dioxide treatments were 
given in pony refrigerators similar to those used in the commercial 
shipment of Florida strawberries. The carbon dioxide gas was 
obtained by placing a few pounds of solid carbon dioxide in the re¬ 
frigerator pan along with ordinary ice. With this method of treat¬ 
ment both the carbon dioxide and the temperature were lower at the 
end of the experiment than at the beginning. The conditions and 
the results of the experiments are shown in table 4. 

In the six instances in which the carbon dioxide averaged 23 per¬ 
cent or more, the inhibition of spotting was as great as or greater than 
that resulting from immediate storage at 32° F. The effect was 
approximately equivalent to that of a drop of 20° in temperature. 
In the two instances in which the percentage of carbon dioxide was 
lower than 23 percent, the spotting was worse than that obtained by 
immediate storage at 32°, but decidedly less than that obtained in 
the control refrigerators without carbon dioxide. 
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DIAMETER OF COLONIES (MM) 


Figure ll.—Effect of carbon dioxide at various temperatures on growth rate of cultures otAUernana Unms 
on potato-dextrose agar in Petri plates. After 2 days' storage in air containing about 30 percent COi, the 
treated lots were placjed with corresponding control lots and continued at the original storage temperatures. 
Graphs show diameters of colonies at end of {A) 48 bour.s, (B) 80 hours, and (C) 120 hours. Solid bars, 
lots treated with COa for first 48 hours; open bars, lots stored without COa. 
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DIAMETER OF COLONIES (MM) 

Figubb 12.-~EfIect of carbon dioxide at various toroi^atures on growth rate cf cultures of Altemaria enuist 
on potato-dextrose agar m Petri plates. After 2 days' storage in air containing about 50 percent CO 2 , 
treated lots were placed with corresponding control lots and continued at the original storage tempera¬ 
tures. Graphs show diametersjpf colonies at end of {A) 48 hours, (B) 84 hours, ana (C) 120 hours. Solid 
bars, lots treated w ith COa for first 48 hours; open bars, lots stored without COa. 
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Table 3.— Effect of carbon 

dioxide 

upon the spotting 

of figi 

inoculated with 

A 

Iternaria 

or Cladosporium 






Tempera- 

Carbon 

Period 

Holding 



Exfien- 

ture dur- 

dioxide 

held 

tempera- 


Fungus and lot No. 

lueiilal 

ing ex|>eri- 

during ex- 
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ture after 



period 
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period 

period 

meut 
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Table 4. —Effect of carbon dioxide upon the spotting of figs 


Lot No. 


io„ 
10 - 
10 K 
10 

10 L 

11 - 
IL. 
113 , 
11 *. 

12 - 
12 - 
12 K 
12 *. 

12 L 
13.. 

13- 

13 K 
13 


Period 
of treat¬ 
ment 

CO 2 in atmosphere dur¬ 
ing treatment 

Temperature during 
period of treatment 

Period 

held 

after 

treat¬ 

ment 

Hold¬ 

ing 

temper¬ 

ature 

after 

treat¬ 

ment 

Spots 
per fig 

Early 

high 

Final 

low 

Aver¬ 

age 

Initial 

high 

Final a 

Aver¬ 

age 










Num- 

Days 

Percent 

Percent 

Percent 

0 

op 

« F. 

Days 

® F. 

her 
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65 
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39 

69 

59 

61 
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0.0 
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34 

14 

22 

69 

63 

56 

0 


.3 
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69 
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51 
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.9 
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32 

32 
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.1 
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41 

41 
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2.5 

40 

75 

49 
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3 
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49 
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30 
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.64* 

33 

44 

64 

47 
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3 
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3 

50 

3.2 
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54 

42 

42 

3 

50 

6.4 

2 

. 



32 

32 

32 

3 

50 

1.9 


’ The carbon dioxide treatments were jfiven in jiony refriRerators. The figs were sprayed with an Alter- 
naria spore suspension several hours before the experiments were started, 
i The final temperature was not always the lowest. 

«» Control; not treated with COj 
* Placed immediately in low-temperature storage. 


The figs were carefully tested as to flavor after the various carbon 
dioxide treatments. No difference (*ould be detected between the 
treated and the untreated fruit. 

It is evident that in the absence of satisfactory precooling facilities, 
valuable protection can be obtained by the proper use of solid carbon 
dioxide. 

SUMMARY 

The spotting of figs on the market is found to be duo mainly to 
Alternana tenuis Nees, but (Jladosporium herhamm (Pers.) Link is 
also capable of producing spots. ,,, 

Experiments are reported on the eifects of humidity, temperature, 
and carbon dioxide upon the development of spotting. 

Spotting was decreased by lowering the humidity of the storage 
atmosphere, but humidities that gave satisfactory control also caused 
severe shriveling. 

The growth rate of the Alternaria on potato-dextrose agar was 
approximately twice as great at 77° as at 59^ F., nearly three times 
as great at 59*^ as at 41°, and fully three times as great at 41° as at 32°. 

At temperatures of 41°, r)0°, 59°, 68°, and 77° F., exposure to 30 
percent of carbon dioxide reduced the activity of the Mternaria to 
about one-third of normal. 

With temperature conditions somewhat less satisfactory than those 
usually found diiring the first 2 days in a nonprecooled car, exposure 
to atmospheres in which the carbon diojdde averaged 23 percent or 
more gave as good control of spotting as immediate storage at 32° F. 






































EFFECT OF LOW CONCENTRATIONS OF COPPER ON 
GERMINATION AND GROWTH OF CONIDIA OF SCLERO- 
TINIA FRUCTICOLA AND GLOMERELLA CINGULATA ‘ 

By M. C. Goldsworthy, associate pathologist^ and E. L. Green, associate bio^ 
chemistj Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

Spores of a fungus attached to a surface that has been sprayed with 
a copper-containing fungicide such as bordeaux mixture are in con¬ 
tact with a residue which, when wet, becomes a dynamic physical 
and chemical system. Although the quantity of soluble copper and 
the concentration of ions in tins system fluctuate with changing con¬ 
ditions, its toxicity to fungus spores appears to be correlated with the 
available copper originally in the residues or later built up in them, 
as Goldsworthy and Green (7)^ have shown. It has been demon¬ 
strated by Rib^reau-Gayon (tS)^ Hockenyos {9), McCallan and Wil- 
(50X011 (if), and Goldsworthy and Green (7) that the (dear supernatant 
liquid of freshly prepared bordeaux mixture spray contains several 
parts of copper per million. McC^illan and Wilcoxon (II) have shown 
that, when bordeaux preparations are dried on glass surfaces and 
rewet, the soluble copper amounts to 0.2 to 0.3 p. p. m. 

The data presented by Goldsworthy and Green (7) appear to 
demonstrate that it is the available ^ copper in the dried but rewet 
bordeaux mixture residues that is responsible for the toxicitv of the 
residues to the conidia of Schrotinia frnctieola, McCallan and 
Wilcoxon (ii), on the other hand, concluded that the small solubility 
of the copper in these residues is not sufE(5ient to cause toxicity. 
They state that *^this concentration of copper is insufficient to affect 
materially the germination of spores of the species of fungi used.” 
This statement may be true of a system in which the concentration 
of copper is immediately lowered by absorption and not replaced, 
but it appears logical to assume that in a dynamic system, such as 
that which is presented by a drop of water in contact with a residue 
of bordeaux mixture, copper ions absorbed by the spores would be 
immediately replaced from the residue and the available copper 
would be sufficient to cause toxic effects. This explanation of such 
a system is in accordance wdth the oligodynamic theory of Niigeli (1^), 
The present paper reports the results of experiments on the toxicity 
of low concentrations of ionized copper, in copper sulphate solutions 
and in saturated solutions of spray materials containing relatively 
insoluble copper, to the conidia of Sclerotinia fructieola (Wint.) 
Rehm and ulomerella cingulata (Ston.) Spauld. and Schrenk. In 
conjunction with these experiments, studies were also made on the 
toxicity of ionized copper when added to various substrates and 
forming a system considered as static since the original concentra¬ 
tion of copper ions was not continuously maintained. 

» Received for publication August 30,1937; issued May 1938. 

» Reference Ks made by number (italic) to Literature Cited, p. 504. 

s The ^‘available** copper Is defined as that copper which may be readily absorbed by the conidia, with 
toxic effects, and which may or may not be ionic in nature. 
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MATERIALS AND METHODS 

The conidia used in these experiments were from artificial cultures 
grown at room temperature and of an age previously determined to be 

that at wliich the liighest percent- 
ageof the conidia were viable. For 
//^\ L I Sclerotinia fructicola growing on 

/^(potato hard agar and on string 
/ J YT: i: j |7 beans, this age was 14 days and 7 

/ / y U-L- days, respectively; for Glomerella 

/ / y TT cingulata growing on Mtato hard 

/ agar, it was 4 days. The conidia 

yT".y .of 8, fructicola. after being freed 

^ from the surface of the various 

I media either by washing or by 

Cl - n suction, were placed in a small 

H y amount of distilled water in which 

y^\j they were made to stay in suspen* 

/y\ sion by the addition of a minute 

'^11 quantity of the preparation de- 

V. } scribed by Allison, Hoover, and 

Burk {!) as coenzyme R. The 
conidia of G. cingulata were wash- 

- ed free from their conidiophores 

with distilled water. The conidia 
of both species were then seeded 
in water agar and were distrib¬ 
uted so that under the lowest 
power of the microscope 8 to 12 
conidia were in the field at one 
time. Small blocks of the conidia- 

- containing water agar, 1 by 4 by 

- 4 mm^ were then placed in the 

perfusion apparatus described in 
n \ the next paragraph, or on agar con- 

Jj I I taijjing difl’erent nutrients and 

cnA ^-4^ vanous amounts of copper. 

' ^ The perfusion apparatus (fig. 1) 

^- flirt consisted of a supply bottle, con¬ 
i' *' taining 2 liters of test solution (a), 

from which the solution was de- 
livered by gravity through a si- 
phon system (6) to the perfusion 
J cells (c^ The flow into the per- 

\ / fusion cells was regulated by screw 

clamps (d), so that the 2 liters of 
soil! tion in the supply bottle passed 
over tlie conidia-containing water- 
, « , , . r,. . , K agar cubes during a 24-hour period. 

Figure 1.-—Perfusion apparatus; a, Test solution; 6, rm, ^ • ii • u* 

siphon system; e, perfusion cells; (f, screw clamps. ilie periUSlOn CellS 111 WniCu the 

water-agar blocks were placed were 
built SO as to maintain a constant level of liquid by an overflow 
siphon while allowing a charge of conidia-containing units to be 
continuously washed with the solution to be tested. In this manner 
the conjdia were subjected to a constant concentration of soluble and 


Figure l.-—Perfusion apparatus: a, Test solution; 6, 
siphon system; e, perfusion cells; d, screw clamps. 
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ionized copper, and the amount of copper absorbed could be deduced 
by determining the total copper remaining in the overflow from the 
perfusion cells. 

The system just described is dynamic and closely simulates the 
system in operation on a sprayed plant where, under weather con¬ 
ditions favorable to infection, conidia are suspended in a drop of rain 
on the surface of a film of residue. The drop of rain becomes saturated 
with the soluble constituents of the residue and remains so until dried 
up by a change in environmental conditions. If the drop of rain 
remains long enough the conidium begins activity and then absorbs 
copper, which is replaced from the residue. The system operates 
until the conidium is killed or inliibited, provided the store of available 
copper in the residue is not too small. Such a system is probably 
not static, because the small amount of copper dissolved in the rain¬ 
drops on these residues is being continuously replaced after it is 
absorbed by conidia. 

The perfusion apparatus aflorded an opportunity to study the 
reactions of conidia immersed in a saturated solution of a fungicide but 
separated from contact with the undissolved particles. The rate at 
which this solution was renewed was such that absorption of copper by 
the conidia could not significantly change the concentration. 

In many of these tests the copper-containing solution was the 
primary saturated solution of various relatively insoluble copper 
materials, obtained by shaking intermittently for 48 hours 20 gi'ams of 
each material with 2 liters of distilled water. The primary solution is 
defined here as the solution obtained from the first washing; it probably 
contains, in addition to the soluble portion of the copper material, 
slight amounts of other soluble ions that were present when the 
copper material was precipitated out of solution. In addition to 
these, especially with the commercial compounds used in the experi¬ 
ments, relatively large amounts of various kinds of wetting or stabiliz¬ 
ing agents may also be present in the primaiw solution. After the 
undissolved residue of these solutions had settled out, which usually 
required several days, the liquid portion was filtered off by gravity 
or suction through a Chamberland-Pasteur filter cylinder having an 
L2 porosity. The filtrate obtained in this manner was then used in 
the perfusion apparatus. Similar filtrates were tested for their copper 
content, and in many cases the perfused filtrates were collected and 
tested for copper. 

Since the solutions were clear, no particular caution was necessary 
in securing samples for analysis. To improve the accuracy of the 
analysis, it seemed desirable to take a relatively large sample and 
evaporate it to small volume after adding about 5 ml of nitric acid to 
make sure that the copper compound present did not come out of 
solution. 

With certain of the organic copper compounds the deep color of the 
concentrated solution showed plainly that the amount of copper was 
far beyond the raiige of the micromethod. These samples were trans¬ 
ferred to evaporating dishes, evaporated to dryness, and ignited below 
red heat in the electric muffle furnace. After cooling, the ash was dis¬ 
solved in dilute nitric acid and transferred to volumetric flasks, from 
which portions were taken for analysis by the iodometric method 
recommended for the determination of copper in fungicides by the 
Association of Official Agricultural Chemists (S). 
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Haas and Quayle {8) have proposed a method for the determination 
of small quantities of copper that is essentially a small-scale modifica¬ 
tion of the method mentioned above. The tliiosulphate solution is 
diluted to 0.002 normal from 0.10 normal, but the other steps in the 
procedure are followed exactly. In this method the cuprous iodide 
formed remains in solution, yet there seems to be no difficulty in de¬ 
termining the end point. From results with this method it was 
thought that the determination of intermediate quantities of copper 
could be made by using intermediate dilutions of the thiosulphate. 
This was found to be true, and for such quantities of copper this 
method was employed. The titer of the thiosulphate solution was 
determined on the day of use by including olectrolytically standard¬ 
ized solutions of copper sulphate along with the samples to be 
analyzed. 

The procedures described are scarcely suitable for the determination 
of less tliaii 0.2 mg (200 micrograms) of copper, because the titer of a 
0.002-normal solution of sodium thiosulphate is about 140 micrograms 
of c(mper per million. Of the procedures tried, the method of Callan 
and Henderson (4), as modified by Delage (5), was found the most con¬ 
venient for quantities of copper between 10 arid 200 micrograms. No 
attempt was made to determine smaller amounts, because the neces- 
sarv special precautions, such as the use of purified reagents and puri¬ 
fied water, were not taken. 

During the period of operation of the perfusion apparatus, the test 
conidia were examined from time to time. The small cubes of conidia- 
containing water agar were fished out of the perfusion cell and tested 
for germination either under the microscope or on nutrient media. 
Since the perfusion apparatus does not entirely exclude contaminating 
organisms, resistant contaminants occasionally survived the treat¬ 
ments and grew after transfer to culture media. 

In addition to the dynamic system just described, a static system 
was used which consisted of placing the small cubes of conidia-con- 
taining water agar on the surface of water-agar, Czapek's-agar, and 

E otato-agar slants to which dilute solutions of copper sulphate had 
een added. The copper solutions added to these media were diluted 
by adsorption by the agar, fixation by the various nutrients, and ab¬ 
sorption by the conidia. Copper ions react specifically with alcohol 
hydroxyl groups, and in every one of the above media, even the plain 
water agar, almost every constituent has such grouj^s. In these sys¬ 
tems, therefore, little was known concerning the active concentration 
of copper. After a 24-hour period of contact with the copper-con¬ 
taining medium, the conidia-containing blocks were transferred to 
copper-free nutrient media to test the germinability of the conidia. 

EXPERIMENTS WITH THE PERFUSION APPARATUS 
'effect of distilled water 

Distilled water is not usually a good medium in which to germinate 
the spores of fungi. Why this is true is not clear, since it is agreed 
by botanists that the spore of a fungus usually contains the means to 
initiate growth. It would seem logical to assume, provided plasmop- 
tysis does not take place, that the presence of pure water at the proper 
temperature would be sufficient to cause a swelling of the mo- 
toplasm, an activation of the enzymes, and resultant growth. But 
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this is not always so, as Diiggar (6) has pointed out, and even among 
the spores of the same organism there is great variability in the re¬ 
sponse to distilled water. 

Germination in distilled water can be greatly invigorated, however, 
as Duggar (6) and Wilcoxon and McCallan (id) have shown, by the 
addition of some accessory substance, such as a trace of malic acid or 
some plant decoction. These responses indicate strongly that the 
spores are dependent on some outside source of energy or stimulation 
before growth can begin. 

Smart {J4) indicated that a supplementary or external supply of 
food was necessary to the proper germination of the spores of a number 
of Myxomycetes. He further showed that single spores do not germi¬ 
nate, but that masses of spores favor germination and that single 
spores placed in an environment previously inhabited by germinating 
spores will germinate freely. These facts surely indicate that the 
spores of species of Myxomycetes are dependent upon some influence 
other than that furnished by the water for the stimulation of germina¬ 
tion. This ‘"autocatalytic/’ agent probably may be better regarded 
as some particular nutritional substance derived from the external 
food supply. 

When spores are formed in contact with a food-containing medium, 
it is possible tluit all of them, on becoming detached, carry a supply 
of food or growth-promoting materials on their surfaces. Tlie varying 
degrees of germination so often observed in distilled water may be due 
to the varying quantities of these materials carried by the individual 
conidia. That the conidia of various species have on their surfaces 
different amounts of materials that stimulate grow^th is indicated by 
the work of McCallan and Wilcoxon (/f). These investigators also 
show’^ that hydroxy acids are present on conidia derived from nutrient 
media and that the same or similar materials may be isolated from 
the surface of used and sterile nutrient agars. While they assume 
that the hydroxy acids (e, g., maUc acid) and other materials isolated 
from conidia are secreted by conidia, they have not demonstrated 
that these materials are not also carried over from the medium in 
which the conidia are growm. Their washing experiments, which 
show that the assumed secretion may be almost entirely removed in 
the primary w^ashing of the conidia, appear to indicate that these 
materials may have been taken up from the medium on wdiich they 
had grown or that, if secreted by the organism, they are secreted 
slowly and therefore are not readily replaced. The findings of 
McCallan and Wilcoxon in general indicate that conidia from a 
nutrient substrate have adsorbed on their surfaces nutritive materials 
that may help to initiate germination. 

In the perfusion tests described in this paper in which distilled water 
was the perfusion solution and water agar the suspension medium, 
germination of the conidia of Glomerella cingulata was usually only 
6 to 36 percent and that of Sclerotinia fructicola rarely more than 5 
percent. In all cases the germ tubes were subnormal, both in length 
and in vigor. 

Experiments of various types were conducted to find out why the 
conidia of both species failed to germinate to their full capacity under 
these conditions. Wlien the perfused conidia of both species were 
transferred to water-agar surfaces that had been freed as nearly as 
possible of all traces of nutrient materials by dialysis, only a slight 
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increase in germination occurred; but when the transfer was made to 
a nutrient medium, such as potato agar, germination was more rapid 
and more vigorous than normal and the percentage of germination 
was higher. It appears, therefore, that both species are dependent 
upon certain materials to stimulate germination, and that these 
materials are removed when the conidia are subjected to a period of 
washing and are restored when the conidia are transferred to a 
nutrient medium. 

These conidia also appeared to have been activated by the perfusion 
treatment to a point where the addition of stimulatory substances 
caused immediate growth. It is not clear why the conidia of Glom- 
erella cingulata germinated more freely during the perfusion process 
than did those of Sclerotinia fructwola. That conidia of S. fructicola 
collected by suction are reasonably free of soluble materials from the 
culture media may account for the lower percentage of initial germina¬ 
tion always observed with this species. On the other hand, conidia 
of G. cingulata cannot be collected cleanly from the surface of the 
culture medium by suction, but generally must be removed by 
washing. These washed conidia carry over to the water-agar block 
a varying quantity of soluble nutrient materials that may account for 
the differences in germination observed between the two species. 

In the perfusion tests, the percentage of germination of Sclerotifila 
fructicola conidia collected from string bean culture surfaces by 
suction was always lower than that of the conidia collected by washing. 
If the conidia oi both *S. fructicola and Ghnnerella cvngulaia are sus¬ 
pended in potato or potato-dextrose-agar blocks, which of course 
contain food materials, instead of water-agar bloc^ks, which contain 
practically none, and are subjected to perfusion with distilled water, 
most of the conidia germinate and put out robust germ tubes in a few 
hours. As the washing continues, with consequent removal of tlie 
soluble food and accessory materials, the rate of growth of the germ 
tube diminishes and its final increment of growth becomes very thin 
as though the conidium had been starved. When these germinated 
conidia are placed in contact with a ready supply of soluble nutrients, 
they begin to grow again and to show the characteristics associated 
with sufficient nourishment. These ^Experiments indicate that the 
initial growth in water- and nutrient-agar blocks is made at the ex¬ 
pense of some soluble accessory substance which is removed by the 
perfusion operation. 

The perfused conidia appeared not to be injured or changed in any ' 
manner by the distilled-water treatment, since it was always found 
that when perfused conidia were transferred to a suitable medium 
the percentage of germination was as high as that of unperfused 
conidia. Although the perfused conidia seem to be arrested in their 
development by the distilled-water treatment, they appear, as shown 
by the following experiments, to be able to absorb mineral constituents 
added to the perfusion liquid. 

EFFECT OF LOW CONCENTUATIONS OF IONIZED COPPER 

In the determination of the effect of low concentrations of ionized 
copper on the conidia of Sclerotinia fructicola and Glomerella cingulata 
in the perfusion apparatus, copper sulphate in distilled water, at 
copper concentrations of 4.0, 3.0, 2.0, 1.0, 0.5, and 0.25 p. p. m. 
was A number of experiments were conducted, and the results 
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of most of them agree with those reported in tables 1 and 2. The 
slight differences between the data in table 1 and table 2 are accounted 
for by the variations in the final germinability of the check conidia 
of S. fructicola. The toxicity of the higher concentrations was so 
quickly apparent that by the time activity was noticeable in the check 
conidia plasmolysis had occurred in the treated conidia. Since with 
the lowest dilutions (0.50 and 0.25 p. p. m.) tlic toxic effects developed 
more slowly, a more detailed study of the progress of the reaction 
was made. The data presented in table 2 are characteristic of the 
manner in which the conidia of both species behave when subjected 
to very low concentrations of copper ions. The absorption of copper 
was delayed, possibly by the lack of activity on the part of the or¬ 
ganism or possibly by the initial absorption or inactivation of copper 
by the agar, but as the experiment progressed most of the conidia 
of both species were killed. In most cases a few conidia survived the 
treatments, even when the solutions had a high concentration. Ap¬ 
parently these conidia remained dormant or their activity was so 
slight that they absorbed sublethal quantities of copper. 


Table 1.— Toxic effect of low concentrattom of copper sulphate solutions on the 
conidia^ of Sclcrotinia fructicola and Glomerella cingulata after a 24 -hour perfusion 
period ^ 


SjH'ClOS 

(^opiw 

{•oncon- 

tratioii 

1 

Couddioii of conidia at cud of jwfusion period 

Hu b.sequent 
germination 

Treat(‘d Cheek 
conidia conidia® 


P, p. m 


Percent 

Percent 


4.0 

Nearly all plasmolyzcd. 

0 

98 


3 0 

None have gcniiiriatcd, mau.v distmc'tl> pla.sniolyzed, a 
few appetu- turgid and normal. 

4 

96 

s fructicola,,,. _ 

2 0 

None have germinated; none apjwar turgid; all plasmo- 
lyzed. 

8 

98 


.SO 

None have germinated, all apixmr jilasmolyzed -. ... 

fi 



25 

Some appear not injured, many ajipear plasmolyzed, a 
few have germinated. 

10 

04 


4.0 

' All appear plasmolyzed.. . __ 

0 

1(H» 


3 0 

_ _„<lo_ . . - , .. 

0 

98 


2 0 

_do.. _ _ - - . 

0 

100 

0. cingulata __ 

1.0 

Nearly all cells appt^ar plasmolyzed; an o(;cat»i(mal cell 
apiiears turgid. 

4 2 

100 


.60 

About 8 percent have germinated, but all ajipear jilasrao- 
lyzed. 

< 4 

98 


25 

About 10 percent have germinated, mo.st appear jilasmo- 
lyzcd, a few apiHW turgid. 

< 2 

KXl 


I S. fructicola mnidia were collocte(i from 7-day-old cultures jrrowinK on string bean suspended in distilled 
water plus a small amount of coenzyme K; u. cingulata conidia were collected from 4-day-old potato-agar 
cultures by being washed off with <li8tilled water, 
i Ptsriod allowed for passage of solution over conidia suspended in water-agar blocks. 

3 Cho(*k conidia, also susiKuided in w’ater-agar blocks, were perfused with distilled water. 

* Continued activity. 

The results obtained show that both species are very sensitive to 
low but constant concentrations of copper ions, once growth activity 
has begun and an equilibrium has been reached between the copper 
solution and the agar. Since spraying tests in the field indicate that 
Glomerella cingulata is more resistant to copper than Sclcrotinia 
fructicola^ it is generally supposed that the conidia of G. cmguUita are 
more resistant to copper. Under the conditions of these experiments, 
when the conidia are deprived of their adherent supplements, it may 
be concluded that both species are equally susceptible to ionized 
copper. Under natural conditions, conidia of 6r. cingulata are usually 
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covered with a mucilaginous material that may bring about apparent 
resistance to copper sprays by the fixing or inactivation of ionized 
copper. 

Table 2. —Progreasive toxic effect of low concentrations of copper sulphate solutions 
on the conidia of Sclerotinia fructicola and Glomeretla cingulata ^ 





Subsequent germination of— 


Conecn- 






Original 

tration 






concou- 

of copper 

Perfusion 

Treated conidia 

Chock conidia * 

tratioD 

at cud of 

period * 





of copper 

perfusion 







IM*riod 


SJructi- 

Q. cln- 

S. fructi- 

0. cin- 




cola 

gulata 

cola 

gulata 

P. p. m. 

P p. m. 

Hours 

Percent 

Percent 

Percent 

Percent 

0.25 


1 0 

82 

08 

88 

08 

.25 


2 0 

50 

78 

88 

08 

.25 


4 5 

48 

66 

84 

08 

.25 

0. 21 

24.0 

16 

8 

86 

08 

.50 

- - 

1.0 

74 

08 

88 

08 

.50 


2.0 

48 

82 

88 

08 

.50 


4.6 

33 

46 

84 

08 

.50 

.48 

24 0 

14 

6 

80 

08 


> fructicola conidia were collected from 7-day-old cultures growing on sterile bean; G. cingulata conidia 
were collected from 7-day-old potato-agar cultures. 

* Period allowed for passage of solution.s over the conidia suspended in w'ater-agar blocks. 

3 Check conidia. also suspended in w’ater-agar block.s were perfused with distilled water for 24 hour.s 

In a few experiments with copper concentrations of 0.25 and 0.50 
p. p. m., the perfused filtrates were collected and analyzed for resid¬ 
ual copper. It was usually found that only a small proportion of the 
original copper was absorbed by the conidia (tabic 2, column 2). 
Staining the killed conidia with the copper-sensitive chromotropic 
acid (B) indicator demonstrated that a quantity of copper sufficient 
to furnish a distinct colqr reaction had been absorbed and fixed by 
them. Since in another part of this paper the authors show that agar 
also has the property of absorbing copper, it appears that the loss of 
copper during perfusion is accounted for by absorption on the part of 
both conidia and agar. These experiments indicate that only a very 
small amount of ionic copper was necessary to inactivate a great 
number of conidia, and i t seems logical W believe that there is sufficient 
available copper associated with bordeaux mixture residues to be 
toxic. 

EFFECT OF SATURATED SOLUTIONS OP VARIOUS COPPER COMPOITNOS 

Saturated solutions of various copper compounds were obtained by 
shaking intermittently by hand, at room temperature, over a period 
of 48 hours, 20 g of the copper materials with 2 liters of distilled water. 
After the undissolved material had settled out, the supernatant liquid 
was filtered through an L2 Chamberland-Pasteur filter candle either 
by gravity or by suction. The clear primary solution thus obtained 
was then employed in the perfusion tests and also in the analytical 
determinations. However, it was found that the perfusion tests 
could be conducted with the supernatant fluid without filtering, since 
the agar of the water-agar blocks apparently prevents the small 
amount of the solid phase which is unavoidably present from coming 
in contact with the suspended conidia. The perfusion tests were 
conducted in the same manner as those described previously. The 
results are shown in table 3* 
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Table 3. —Toxic effect of primary saturated solutions obtained from various copper 
compounds on the conidia of Sclerotinia fructicola and Glomerella cingulata ^ 


Copper compound 

Subsequent growth of test conidia after being treated with primary 
perfusion solution for-— 

Solubil¬ 
ity of 
primary 
saturated 
solution 

2 hours 

4 hours 

1 6 hours 

1_ „ 

24 hours 

S.fruc- 

txcola 

0, cin¬ 
gulata 

frue- 

ticola 

G. cin¬ 
gulata 

S frnic- 
ticola 

0. cin¬ 
gulata 

-S fruc’ 
t tool a 

G. cin¬ 
gulata 

1 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

P.i) m 

Phosphate. 

100 

100 

KK) 

100 

100 

100 

98 

100 

0 17 

Silicate. 

100 

100 

96 

m 

90 

100 

92 

100 

.48 

Ammonium silicate .. 

100 

100 

100 

100 

100 

100 

100 

100 

20 

Oxide (cupric).. 

100 

100 

100 

100 

98 

100 

100 

100 

. 11 

Oxide (cuprous). 

4,'i 

42 

12 

Trace 

4 

0 

0 

0 

20 7 

Oxychloride 










J. 

15 

18 

12 

8 

8 

4 

0 

0 

160 0 

2.... 

100 

100 

02 

98 

7K 

100 

8 

KK) 

8 0 

Basic sulphate .. 

91 

80 

82 

72 

40 

21 

0 

1 

11 5 

11*1 

L- -. 

100 

100 

100 

100 

100 

100 

98 

100 

.0.5 

2 .... 

100 

100 

100 

100 

' KK) 

100 

90 

100 

.23 

Malate___ - 

1(K) 

82 

100 

78 

100 

81 

08 

12 

1,240.0 

Maleate..... 


1 0 

40 

0 

21 

0 

! Trace 

0 

315.0 

Basic maleate . 

92 

0 

93 

0 

2.5 

0 

Trace 

0 

494 0 

Resinate. 

KMi 

100 

97 

100 

90 

100 

i KK) 

KM) 

086 

Oxalate. 

100 

100 

100 

100 

100 

100 

1 31 

100 

4 3 

Cheek * ... 







100 

100 











i 


1 S fructicola conidia collected from 7-day-oId bean culture. G. cingulata conidia, from 4-day-old iiotato- 
agar culture. 

3 Check conidia were perfiwcd with distilled water for 24 hr»urs 


The copper compounds tested were, for the most part, commercial 
materials that showed some promise of becoming useful as fungicides. 
Of the inorganic materials, black copper oxide, copper silicate, copper 
ammonium silicate, copper phosphate, and copper zeolites were found 
to be nearly insoluble, and the copper in solution appeared to be either 
in an unavailable combination or available in quantities so minute that 
toxicity was negligible. Most of these materials, when tested in field 
experiments against the apple scab organism {Venturia inaequalis 
(Cke.) Winter) have not proved sufficiently useful to replace lime- 
sulphur solution during the seasons in which the disease is severe. 
They are useful, however, when mild fungicides that are relatively 
nonmjurious to apple trees may be safely used. 

The primary saturated solutions of red copper oxide, basic copper 
sulphate, and one of the copper oxychlorides (1) were consistently toxic 
to the conidia of both Sclerotinia fructicola and Glomerella cingulata ^ and 
the degree of toxicity appeared to be directly correlated wdth the amount 
of soluble copper present. Another one of the copper oxychlorides (2), 
despite its relatively high solubility, was found to be only slightly toxic 
to the conidia of 8. fructicola and nontoxic to the conidia of G, cingulata. 
Why this particular copper oxychloride should show^ such a low degree 
of toxicity is not known. The copper solubilities of the two copper 
oxycldoride materials are different, but, according to the authors' find¬ 
ings with ionic copper, the quantity of soluble copper should be sufficient 
in both cases to be toxic to the conidia of both fungi. 

Orchard tests in various parts of the country^ indicate that the 
black copper oxide, copper phosphate, copper ammonium silicate, 
copper zeolites, and copper silicate are not so effective against certain 
parasitic fungi as the more soluble red copper oxide, basic copper sul- 


* ITnpubjlished data. 
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phates, and certain copper oxyclxlorides. It is certain that red copper 
oxide, basic copper sulphate, copper ammonium silicate, and copper 
oxycldorides wlien used with lime are at times very injurious to the 
fruit and leaves of certain species of liigher plants, whereas black 
copper oxide, copper phosphate, copper zeolites, and copper silicate 
are not. 

Of the organic materials used, copper resinate, copper oxalate, and 
copper mala te proved to be the least effective, whereas copper maleate 
and basic copper maleate were ve^ toxic. It appears possible that in 
these compounds the copper is principally combined in complex mole¬ 
cules, since its solubility varies a great diml among the compounds and 
since their toxicity is not correlated with their degree of solubility. 
The solubility of the malate is of a high order, but a saturated solution 
of this compound is not quite so toxic as a dilute solution of copper 
sulphate containing a copper concentration of 0.25 p. p. m. The or¬ 
ganic copper compounds also bring into solution large quantities of 
acid radicals that may affect toxicity. The toxic effects of the malate 
are not constant, possibly because of the enormous amount of malic 
acid combined with the soluble copper. In the case of copper oxalate, 
the effect of the acid appears to be even more marked. A saturated 
solution of copper oxalate was apparently nontoxic to conidia of 
Glo7nerella cingul^ta^ and was only slightly injurious to conidia of 
Sclerotinia fructicola. Nine parts per million of oxalic acid, which is 
the equivalent of that present in the copper oxalate solution used, 
appears to exert the same differential effect on the conidia of the two 
species of fungi. A saturated solution of copper resinate had no 
noticeable effect on tdther species. In considering these results, it 
should be kept in mind that a copper sulphate solution containing 
copper in a concentration of 0.25 p. p. m. was toxic to the conidia of 
both species. 

The lack of pronounced toxic effect observed in the case of the 
copper malate solution is of special interest, since it has been pointed 
out by McCallan and Wilcoxon {11) that the conidia of Sclerotinm 
fructicola and Glomerella cingulata, organisms used in their experi¬ 
ments, apparently have the power of secreting malic and other hydroxy 
acids. It was their thought that when these conidia encountered 
bordeaux mixture residues the hydroxy acids that they secreted dis¬ 
solved copper. When ionized copper comes in contact with malic 
acid ions, apparently a very soluble copper malate is formed, but 
experiments made by the present authors show that the copper is in 
a nonavailable form and is not particularly toxic to the conidia of the 
two species. The results of additional experiments dealing with com¬ 
binations of copper and malic acid ions are presented in another portion 
of this report. The marked toxicity of normal copper maleate and 
basic copper maleate indicates that the copper is more available in these 
compounds and is rea^il^r absorbed by the conidia. Maleic acid, while 
extremely injurious to higher plants, appears not to be deleterious to 
the conidia tested. By the chromotropic test (7), conidia killed by 
these solutions wore shown to have absorbed copper, indicating that 
the materials are either readily absorbed or that ionization of copper 
occurs. 

The amount of copper present in the primary saturated solutions 
of most of these compounds is greater than in the lowest con¬ 
centration of copper in the copper sulphate solutions used in the 
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previous experiments, yet these experiments reveal that only with 
certain of these materials was the toxic effect as pronounced. A 
possible explanation of the failure of copper silicate, a copper zeo¬ 
lite (2), one of the copper oxychlorides (2), and copper oxalate to 
show the same toxicity as a corresponding concentration of copper 
sulphate is that the soluble fractions contain complex ions or inacti¬ 
vating compounds which cause the copper to be in an unavailable 
form, 

EXPERIMENTS WITH COPPER SULPHATE ADDED TO CULTURE 

MEDIA 

In these experiments ionized copper, in the form of a sulphate solu¬ 
tion, was added to water agar, Czapek’s agar, and potato agar. After 
a considerable number of tests, it was found that the equilibrium 
point, i. e., the point at which enough ionized copper was added to 
cause a definite lethal effect, differed according to the medium used 
and tlio organism tested. Tlie equilibrium point does not necessarily 
indicate that all the conidia w^ere killed at that point. It is the point 
at which lethal effects are first noted and at which germination of 
most of the conidia is inliibited but may proceed after transfer to 
culture media. This is shown at the copper concentration of 185 
p. p. m. (table 4) wdiere water agar was used as the base or carrier of 
the copper. It will be observed that at the lower concentrations many 
of the conidia of both Sclerotinia fructicola and Glomerella cmgulata 
germinated, usually with germ tubes shorter than those of the check. 

Table 4. Growth responses of conidia of Sclerotinia fructicola and Glomerella 
cingvlata when seeded for hours on plain water agar to which various concen^ 
irations oj copper sulphate had been added 


1 

Conceri- 


Sclerfftmin frucftcola i 



Glomerella cingulata ^ 


(ration 

of 

oopiicr 

(lormi- 

natioii 

Obsorvatious 

Sub.se- 
Quont 
growth ® 

Germi¬ 

nation 

Observations 

Subse- 

rpient 

growth 

P.p m. 
62 

Percent 

92 

Long germ tubt'S__ 

Medium germ tubes.. 

Percent 

96 

Percent 

96 

Medium germ tubes. 

Percent 

100 

125 

6f5 

82 

62 

1 ..do __ _ 

86 

18.5 

82 

Short to moditim tubo-s, all 

12 

76 

- , do.-. 

87 

250 

12 

plasmolyzed. 

Short gorrii tubes..- . 

0 

56 

Short germ tut)es ...... 

76 

312 

14 

_do_ . . __ 

0 

68 

.. - do. .. _ .. 

78 

374 

10 

. .do.. 

0 

74 

.. do_ _ . 1 

56 

434 

9 


0 

72 

Short to nuKlmm germ tube.s 

64 

5(X) 

12 

_do____ 

0 

58 

_do.—.. 

62 

562 

10 


0 

48 

.do.. 

68 

025 

12 

..„.do.. 

0 

.52 

Some cells pln.sm 0 ly 7 .ed, short 

38 

Chock 

m 

Long germ tubo.s_.. 

96 

1(H) 

germ tul>es 

Medium to long germ tubes.. 

100 


1 Cultures obtained from 7-day-old string bean growths. 

* Culturos obtained from 4-day-old potato hard-agar growths. 

Subsequent growth determined by transferring the troatod oubiis of wmidia-conlaining water agar to 
potato hard agar. 


At concentrations nearly up to the equilibrium point, the number of 
conidia that germinated was much less. Especially was this true of 
the conidia of Sclerotinia fructicola, none of which were found active 
after being subjected for 24 hours to a concentration nearly up to the 
equilibrium point. A higher percentage of the conidia of Glomerella 
cingulata apparently survived contact with the copper-containing 
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medium at the equilibrium point, and though inhibited in their growth 
they continued activity when transferred to culture media. Because 
the percentage of subsequent survival was greatest where initial 
growth was most active, it appears that initial growth, by either using 
up or inactivating some of the copper of the solution, had lowered the 
copper concentration to a point where the remaining conidia were 
merely inhibited or not injured at all. Of course, this is the weakness 
of a static system. One never knows with exactness what the real 
concentration of any of the components of such a system may be 
after absorption by conidia has begun. It appears from these tests 
that conidia of G. cingulata were more active absorbers of the toxic 
materials than were those of S. fructicola, 

Where Sclerotinia fructicola was used as the test organism, the 
equilibrium point for water agar was between 125 and 180 p. p. m.; 
for Czapek’s agar, 120 to 150 p. p. m.; and for potato agar, 500 to 
572 p. p. m. With GlomerelJa cingulata as the test organism, the 
equilibrium point for water agar was 185 to 250 p. p. m.; for Czapek's 
agar, 150 to 180 p. p. m.; and for potato agar, 350 to 375 p. p. m. 
In these static systems the initial concentration of ionized copper 
necessary to furnish a toxic quantity was vastly greater than that 
required in the dynamic system. The closeness of the equilibrium 
points for water agar and Czapek^s agar indi(‘atcs that the sugars and 
phosphates of the latter do not inactivate much of the copper. Potato 
agar was found to inactivate a high percentage of ionized copper. 
Water agar, though free of nutrients, apparently inactivated copper 
either by simple adsorption or by combination with the alcohol 
hydroxyl groups of the agar molecules. The complicated and change¬ 
able systems presented by the potato agar and synthetic C?zapek^s 
agar prevented their use in collecting data suitable for the deteinina- 
tion of the equilibrium point. For this reason the water-agar svstems 
were used to obtain the data presented in table 4. It is probable that, 
as was noticed when a dynamic system was used, the conidia of 
Glornerella cingulata, when transferred from nutrient media to the 
water-agar blocks, carried over larger quantities of inactivating sub¬ 
stances than did the conidia of Sclerotinia fructkola. It appears 
from these experiments that it is futile to carry out tests dealing with 
the toxicity of metallic ions to conidia in systems where colloids and 
other materials have to bo added to promote activity of the conidia 
or where activity of the conidia causes chemical changes in the sub¬ 
strate. 

The results obtained with the copper-water-agar system appeared 
to indicate that for Sclerotinia fructicola (but not for Glornerella 
cingulata) one could fix with some degree of certainty the range of 
copper concentrations at which lethal and inhibitory effects on the 
conidia could be registered. Because experiments with the coppei 
malate equilibrium solutions had indicated that copper ions are ren¬ 
dered unavailable when combined with malic acid ions, it was thought 
that the addition of an equal amount of made acid to a system con¬ 
taining a concentration of copper ions known to be lethal to S. fructi¬ 
cola would tend to inactivate the soluble copper. Table 5 shows the 
results of an experiment designed to test this hypothesis. It will be 
noted that the addition of nearly the same amount of malic acid 
completely inactivated the copper at concentrations known to be 
toxic or inhibitory (at or near the equilibrium point). An excess of 
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malic acid appeared to accelerate the growth of the germ tubes, while 
lesser amounts allowed some of the copper to become effective. This 
was especially indicated when comparison was made of the effect of 
adding malic acid in the proportion of 50 p. p. m. to the minimum 
and to the maximum e<iuilibrium concentrations respectively. Trans¬ 
fers to nutrient media indicated that 76 percent of the conidia sur¬ 
vived the treatment when the solution contained 50 p. p. m. of malic 
acid and 125 p. p. m. of copper, whereas only 16 percent of the conidia 
survived when the solution contained the same amount of acid and 
180 p. p. m. of copper. It appears from these studies that malic 
acid inactivates copper and that the copper malate molecule formed 
is not absorbed by the conidia of S. fm/^ficola. 

Table 5. -Growth responsen of conidia of Sclerotmia fructicola when seeded for iiJf. 
hours on plain water agar to which various concentrations of copper sulphate and 
malic acid had been added 
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I ObservuiioiKs were iimde 24 hours ufltjr material was transferred lo iK»tnto hard agar. 


DISCUSSION 

These experiments have demonstrated that a very minute quantity 
of ionized or available copper, if kept constant by continuous replen¬ 
ishment, is toxic to the conidia of Sclerotmia fructicola and Glorrierella 
cingulata, whereas without replenishment a large quantity of copper 
in the primary solution is necessary to bring about the same effect. 
Although it has not been demonstrated that the ph^^sicocheinical 
system operating under natural conditions, when a conidium is in 
contact with a spray residue in a drop of rain, is exactly comparable to 
either of the systems that have been designated ‘‘dynamic” and 
“static,” it seems probable that such a system is more nearly dynamic 
than static. Until the amount of copper coming into solution becomes 
less than that taken out, the toxic action of the available copper must 
be rapid; but it slows down as the ratio of production to absorption 
becomes less and less. Thus, if a conidium comes in contact with a 
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fresh bordeaux mixture residue the toxic action is relatively rapid; if 
the contact is made with a weathered and depreciated residue the 
action is relatively slow. In the latter case the final effect may be 
only inhibitory. That such changes in toxic effects actually occur 
has been demonstrated by Goldsworthy and Green (7), who showed 
that fresh residues of bordeaux mixture are toxic to conidia of S.jfructi- 
coluj whereas weathered residues show varying degrees of toxicity 
and inhibition. 

The results of experiments reported here indicate that organic com¬ 
pounds secreted hy or adsorbed on the conidia may have the property 
of inactivating ionized copper in spray residues. McCallan and Wil- 
coxon (11) have demonstrated that millions of conidia may furnish 
traces of these materials; they have also indicated (indirectly, of 
course) that a single conidiiim must possess a very minute quantity 
of these materials. The results of the experiments reported here 
demonstrate that the materials shown by McCallan and Wilcoxon to 
be secreted by conidia and to liave the supposed property of bringing 
copper into solution also have the property of changing ionized copper 
to inactive copper. It has been demonstrated also that the conidia of 
Sclerotinia fructicola and GlornereUa cingulata actually survive in 
contact with enormous quantities of the copper compounds thus 
formed. 

The static system used shows very definitely that organic materials 
such as are usually found in ordinary nutrient media are capable of 
inactivating considerable quantities of soluble copper. That fixation 
of ionic copper may also be a function of adsorption or combination 
with alcohol hydroxyl groups is plainly indicated by the inactivation 
of copper by plain water agar, where no measurable nutrient or 
inorganic material is present. These results indicate that a conidium 
in contact with a source,of ionic copper may reduce the quantity of 
copper either by adsorption or by supplying hydroxy acids secreted 
by it or adsorbed on its surface. 

The results obtained from the primary saturated solutions of various 
inorganic and organic copper compounds definitely substantiate the 
findings of Holland, Dunbar, and Gilligan (10) and Kibereau-Gayon 
(13) in showing that the degree of s^ubUity does not necessarily 
indicate the degree of toxicity. It is the available copper, i. e., copper 
which can be absorbed by the conidia, that is important in this respect. 
Thus basic copper sulphate, with a solubility of 11.5 p. p. m., was 
found to be more toxic than a saturated solution of copper malate, with 
a solubility of 1,240 p. p. m., because the available copper in basic 
sulphate solution is apparently greater than in copper malate solution; 
but it was also evident that not all the copper in the saturated solution 
of the basic copper sulphate exerted a letnal effect, because its toxicity 
was less than that of a solution of copper sulphate containing copper in 
a concentration of 4.0 p% p. m. This is probably true of all the saturated 
solutions tested, based on comparisons with the dilute, fully ionized 
copper sulphate solutions. Apparently the saturated solutions used 
in the experiments reported here are similar to those obtained by 
Rib4reau-Gayon (IS) from bordeaux mixture in that only a small 
portion of the copper was actually ionized, or available. From the 
results obtained with the black copper oxide, copper zeolites, copper 
phosphate, copper silicate, and copper oxychlorides, it appears that 
none of the determined solubilities indicate the true availability of the 
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copper ill these solutions. Although the solubilities of the two copper 
oxychlorides tested are greatly in excess of that shown to be toxic for 
the completely ionized copper sulphate, only one of them was toxic to 
a noticeable degree. While the red copper oxide and basic copper 
sulphate exert a toxic effect, it is not certain that availability and 
solubility are of the same order. 

Although the amount of available rather than soluble copper indi¬ 
cates whether these compounds will be toxic when placed in contact 
with fungus conidia, their solubilities appear to be positively corre¬ 
lated with injury when in contact with the tender parts of sprayed 
plants. It has been found that black copper oxide, copper phosphate, 
copper silicate, and copper zeolites cause little, if any, injury to the 
leaves of sprayed plants, whereas copper oxychlorides, basic copper 
sulphate, red copper oxide, copper malate, copper maleate, basic copper 
maiate, and copper oxalate are unsafe in vaiying degrees, depending 
on their solubilities. This is especially true of the malate, maleate, 
and basic maleate, which are the most soluble. 

It therefore appears that the injurious effe(‘ts of a copper-contain¬ 
ing compound on sprayed plants may be determined by its degree of 
solubility and the fungicidal activities by the degree of ionization in 
its sf)lution. Since most of the materials that are more or less injurious 
to higher plants appear to have solubilities of more than several parts 
per million, which is about that of alkaline bordeaux mixtures, it seems 
safe to predict that but few of these will be less injurious than bordeaux 
mixture. The ideal copper spray would apparently be one in which the 
concentration of dissolved copper would be not much greater than the 
concentration of ionized copper known to be injurious to higher plants. 
In such a spray the concentration of ionized copper should be liigh 
enough to be toxic to fungus spores but not high enough to cause 
serious injury to the sprayed plant. This concentration appears to 
be about 1.0 p. p. in. 

SUMMARY AND CONCLUSIONS 

A study is reported of the effect of low concentrations of copper 
ions, administered in two different ways or systems, on the activity 
of the conidia of Sclerotinia frwticola (Wint.) Rehm and Glomerellu 
cingulata (Ston.) Spauld. and Schrenk. 

The system referred to as ‘'dynamic” con.sisted of furnishing for 24 
hours a continuous supply of certain concentrations of copper ions by 
means of a gravity flow controlled in such a manner as to deliver the 
solutions to the test conidia embedded in water agar. In tliis system 
the copper concentration was kept practically constant. 

The system referred to as "static” consisted of exposing the test 
conidia embedded in water agar to certain concentrations of copper 
ions added to water agar, Czapok’s agar, and potato agar. In this 
system the copper concentration gradually decreased and was not 
restored. 

The conidia of both species were definitely injured by solutions of 
copper sulphate having concentrations of ionic copper as low as 0.25 
p. p. m. administered in a dynamic system. 

The degree of toxicity of ionic copper is higher in a dynamic system, 
where the factors that favor inactivation or fixation are overcome, 
than in a static system, where no record of the actual concentration of 
ionic copper is available once the system is in operation. 
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The degree of toxicity of copper sulphate solution in the static sys¬ 
tem varied according to the power of the various media to fix, and con¬ 
sequently to inactivate, copper ions. The amount of fixation was de¬ 
termined by the character and conaposition of the media and appeared 
also to be greatly influenced by direct adsorption or by combination 
with alcohol hydroxyl groups. 

Primary saturated solutions of relatively insoluble copper com¬ 
pounds, obtained from the first washing of 20 g of material by 2 liters 
of distilled water, showed differences in toxicity that apparently were 
correlated with the amount of available copper and not with the 
amount of soluble copper in the solutions. 

The primary saturated solutions of cupric oxide (black), copper phos¬ 
phate, copper zeolite, copper ammonium silicate, and copper silicate 
were non toxic to the conidia of Sclerotinia fructicola, and Glomerella 
cingulata; and one of two copper oxychlorides was only slightly toxic 
to the conidia of S.fructicola and nontoxic to the conidia of G. cingulata. 

The primary saturated solutions of cuprous oxide (red), basic copi)er 
sulphate, one of the copper oxychlorides, copper maleate, and basic 
copper maleate were toxic to both species. 

The primary saturated solution of copper malate, having a copper 
solubility of 1,240 p. p. m., proved only slightly less toxic than a copper 
sulphate solution containing a copper concentration of 0.25 p. p. m. 

The primary saturated solution of copper oxalate proved to be only 
slightly toxic to the conidia of Sclerotinia fructicola and innocuous to 
the conidia of Glomerella cingulata. Experiments with dilute concen¬ 
trations of oxalic acid showed that this difference was due to the 
specificity of the acid. 

Ionic copper in quantities sufficient to be toxic to the conidia of 
Sclerotifiia fructicola could be entirely inactivated by the addition of 
an equivalent amount of. malic acid. The acid, in low concentrations 
at least, was assimilated by the conidia of both species, and promoted 
growth. 
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THE ORIGIN OF LINT AND FUZZ HAIRS OF COTTON' 


By A. G. Lang 

Formerly agentt Division of Cotton and Other Fiber Crops and Diseases^ Bureau of 
Plant Industry, United States Department of Agriculture 

INTRODUCTION 

The mature seeds of most varieties of upland cotton are covered 
with two different types of hairs, (1) the long lint hairs that are ex¬ 
tensively used in the manufacture of fabrics, and (2) the short, 
thick-walled, fuzz hairs (linters) that form a dense, tangled mat close 
to the surface of the seed. Both lint and fuzz hairs are single-celled, 
tubular outgrowths that arise from the epidermal cells of the seed 
coat. Although the principal difference between the lint and fuzz 
hairs is the much greater length of the lint, it is usually difficult or 
impossible to draw a sharp line of demarcation between them on this 
biisis. Very short lint hairs and long fuzz hairs may be indistinguish¬ 
able. It is sometimes possible, however, to distinguish between lint 
and fuzz by their position on the ovules and seeds. In some varieties 
of cotton both the lint and fuzz hairs are restricted to specific and 
sometimes separate areas on the surface of the seed, giving rise to 
various ^'patterns.In the so-called naked seed varieties the fuzz 
hairs are entirely missing, so that removal of the lint leaves the seed 
coat smooth and free from hairs. In some varieties the lint and fuzz 
hairs are pigmented differently, and frequently pigment is present in 
the fuzz when it is entirelv absent from the lint hairs. Another 
indication of an essential difference between these two kinds of hairs 
is the fact that the pattern of the fuzz-covered areas on the seed may 
be inherited independently of the lint pattern. 

These facts suggest that, although lint and fuzz hairs both arise 
from the same layer of epidermal cells, some fundamental differences 
may exist between them. These differences may be the result of 
variations in the rate of growth of cells that originate at the same time, 
or lint and fuzz hairs may owe their characteiistics to differences 
in the time or method oi their origin. Although the origin and 
development of lint hairs has been studied, very little is known 
about the early history of the fuzz hairs, and the early development 
of the two types appears never to have been studied carefully from 
a comparative point of view. It is the purpose of this paper to 
present the results of such a comparative study of the origin and 
early history of lint and fuzz hairs. 

PREVIOUS WORK 

Cytological studies of the origin of lint hairs have been undertaken 
bjr a number of investigators. Balls (3)^ states that the lint hairs all 
originate as single-celled outgrowths of epidermal cells wliich ‘^sprout 
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at the same stage of boll development, on or near the dav when the 
flower opens.According to Balls (j?), the fuzz hairs, like those of 
the lint, arise ‘‘in much the same way, at the same time, and from the 
same layer of cells.’' Singh {8) observed new fibers originating for 
a period of 48 hours after ^wering, but Gulati (6) presented evidence 
that fibers continue to form from epidermal cells for as long as 10 
days after the opening of the flower. Farr (4, 5), in a cytological 
study based upon American upland cotton, reported that cotton 
hairs develop from epidermal cells for a period of 10 or 12 days after 
the date of flowering. 

The period of fiber origin has also been studied in a very different 
way. Turner {9) reported the results of statistical studies of the 
number of cotton hairs upon ovules of different ages. He found a 
rapid increase in the number of hairs as the ovules grew older and 
larger. In one study, 10-day-old ovules were found to have 10,050 
hairs, while 1-day-old ovules possessed only 4,530. Turner pointed 
out that this increase in hair number must mean that cotton hairs 
continue to arise after the day of flowering. Gulati (6*) repor^d 
results indicating an even greater increase in number of hairs during 
the early stages of ovule growth. No distinction between lint and 
fuzz hairs was made in either of these studies. 

In studying the variability in length of cotton fibers by statistical 
methods, Armstrong and Bennett (i) came to the conclusion that 
the number of fibers on the ovules increased until 25 days after the 
date upon which the flower opened. 

Although all investigators agree that cotton hairs arise from epi¬ 
dermal cells on and soon after the day on which the flower opens, 
there is much disagreement as to the number of days after flowering 
during which hairs continue tp be produced. In none of the studies 
of fiber origin has any systematic attempt been made to distinguish 
between lint and fuzz hairs. This study was undertaken in an 
effort to clarify these points and to determine as accurately as possible 
the early developmental history of both lint and fuzz hairs. 

MATERIALS AND METHODS 

Lint and fuzz hairs both arise from the same layer of epidermal 
cells, and they are frequently indistinguishable in appearance during 
the early stages of their growth. It is not always possible, therefore, 
to determine by observation alone whether the outward extension of 
any given epidermal cell is destined to become a lint hair or a fuzz 
hair. The fact that certain varieties of cotton have lint hairs but no 
fuzz and that other varieties produce lint and fuzz hairs in separate 
and restricted areas on the ovule surface suggested a means of identify¬ 
ing the two types of hairs. This study was made, therefore, by com¬ 
paring the developmental histories of hairs produced upon naked 
(i. e., fuzz-free) seeds and pattern types (tliose in which lint and fuzz 
hairs are restricted to separate or specific areas on the seed) with 
seeds that produced both lint and fuzz hairs over their entire surface. 

Six varieties of cotton were used in this study. Four of these— 
Mexican 128-6, King Naked, Cleveland Fuzzy Tip, and Nankeen 
lint—are varieties of Qossypium hirsutum L., and two—S X P 30 
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(Sakel X Pima) and a Bleak Hall strain of sea island—are varieties 
of 6r. barbadense L. 

In order to obtain a complete picture of the development of hairs 
in these varieties, series of ovules were collected in such a way as to 
g^ive the stages of growth at 24-hour intervals. In the case of Mexican 
128-6, three sets of collections were made. On July 11, 217 flowers 
were tagged, and ovules were collected daily thereafter for 20 days. 
On July 15 approximately 500 flowers were tagged, and on August 15 
1,000 flowers w^ere tagged. Daily collection from these two taggings 
(continued for 45 days. By this method of tagging, the collection 
from each of the three dates of flowering constituted a reliable growth 
series which was representative of a particular day of flowering, 
and the material of successive days had experienced the same environ¬ 
mental conditions during the earlier periods of growth. 

Because only a limited amount of material of the other varieties 
was available, it was necessary to tag all flowers as they opened each 
day and to collect the entire crop of bolls of a single variety on a 
day which would afford an unbroken series. In this way, Sakel X 
Pima material was collected on August 31, sea island on September 2, 
King Naked on September 15, Nankeen Lint on September 16, and 
Cleveland Fuzzy Tip on September 24. All collections were made in 
the afternoons during the summer of 1936. 

After collection, the bolls were opened and the young ovules were 
dropped immediately into fixing agents. A number of different 
fixing agents were employed, but the most satisfactory results were 
obtained with the following formulas: 


Cc 

(1) Formalin.. ..... 4 

Formic acid____—. 4 

50-percent ethyl alcohol..... 92 


(2) Formalin___ 4 

Formic acid........ 4 

N-butyl alcohol saturated with water... 92 


After fixing, the ovules were dehydrated with n-butyl alcohol. 
Five- and ten-micron longitudinal sections were cut from 60® paraffin 
and were stained with Heidenhain’s haematoxyUn for maximum 
contrast. 

RESULTS WITH VARIETIES STUDIED 


KING NAKED 

The King Naked variety presents the problem in its simplest form, 
since lint hairs alone are produced. When the lint hairs are removed 
from the seed, the seed coats are smooth and entirely free from fuzz 
(fig. I, A), The mature seeds bear lint hairs over the greater portion 
of their surface, only the lower fifth or sixth of the seed coats being 
entirely devoid of fibers (fig. 1, fl). 

The simplicity of this fiber pattern is reflected at an early age by a 
comparable simplicity in the time and place of origin of fibers on the 
growing seed. On the day of flowering,^ the epidermal layer of the 
ovule gives no evidence of young fibers or nberlike processes. Twenty- 
four hours later, the first fiber initials are seen developing on the 
clialazal half of the ovule. On the second day after flowering, these 
fiber initials have elongated noticeably, and no new outgrowths are 
ordinarily seen on this part of the ovule during this or at any subse- 









FiouaK J;—Seed ot Kinfi; Naked (/l>i Cleveland Fuz«y Tip (B), sea island (O. Mexican 128 -^ (D), Sakel X 
Pima {E)t Nankeen Lint (F), with the lint hairs removed and the fuzz hmrs combed out to show their 
position on the seed and relative abundance, Seed of Mexican 128 -d (G ), King Naked (H), with lint hairs 
combed to show their distribution on the seed. 
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quent period. It may be seeiij however, that new fibers develop in 
restricted numbers near the micropylar end of the ovule, but these 
initials serve to extend the surface range over which fibers grow 
rather than to contribute to the density of the fiber population of the 
first day. Similarly, on the tliird day after flowering, a few new 
fibers may be seen differentiating even nearer the micropylar end of 
the seed. Other outgrowths may continue to differentiate in this 
manner for several days, but the number of late fiber initials is ex¬ 
tremely small, and in most cases the last outgrowths are seen on about 
the tlurd day after flowering. 

The time and place of origin of fiber initials as described here are 
represented diagrammatically in figure 2, A. In this diagram, the 
innermost line outlines the snape of the ovule, particularly in a sub¬ 
median longitudinal section. The innermost line also represents the 
day of flowering and is marked 0. Each additional line to the outside 
represents a day after flowering up to the day of secondary wall for¬ 
mation, which is indicated by the outermost line. No new fibers 
develop after secondary wall formation has occurred. In the dia¬ 
gram the time and place of origin of new fibers are indicated by heavy 
black lines. The density of the hair population is suggested approxi¬ 
mately by the presence of solid and broken or fragmentary lines, the 
solid lines representing greater numbers of hairs than the broken or 
frt^mentary lines. 

It will be noted that most of the lint hairs of the King Naked 
variety begin their growth on the day after flowering and that a few 
others difl*erentiate diiring the following 2 days. Since the mature 
seed bears only lint hairs, it is obvious that the lint pattern is estab¬ 
lished within a period of about 3 days and that this period of lint 
origin falls very early in the life history of the growing ovule. Dif¬ 
ferences in fiber length may be observed from the day of fiber origin 
up to maturity, even in those regions of the epidermis where the fiber 
initials have appeared at the same time. This would seem to suggest 
that the length differences between mature fibers may well bo due to 
different rates of growth. 

It is interesting to note that papillate outgrowths may be observed 
over almost the entire surface of the ovule for 6 or 8 days after flower¬ 
ing, but these papillae are extremely minute and no evidence has been 
found that any of them subsequently elongates even as much as 5 
microns. 

The initiation of lint hairs in the King Naked variety is a continuous 
process which persists through a period of 3 or 4 days after flowering. 
The first hairs are formed around the chalazal end of the ovule on the 
day after flowering. New fibers differentiate throughout the day, and 
hair formation progresses from the chalazal region toward the micro¬ 
pylar end of the seed. By the end of the first day, half or more of the 
ovule may be covered by fiber initials. During the next 2 or 3 days, 
additional fibers are formed nearer to the micropyle and lint dif¬ 
ferentiation gradually ceases. Thus, lint hair formation progresses 
continuously from one end of the ovule to the other. 
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CLEVELAND FUZZY TIP 

As the name indicates, in Cleveland Fuzzy Tip the fuzz hairs are 
restricted to a small area immediately surrounding the micropylar end 
of the seed (fig. 1, B). The lint hairs are usually produced over three- 
fourths or more of the seed surface at the chalazal end, but frequently 
they are limited to only about half of this portion of the seed. In 
this variety, therefore, both lint and fuzz hairs are present, but each 
hair type occupies a specific and different area on the seed coat. 
Although the problem is complicated in this case by the presence of 
both lint and fuzz, the fact that the hairs of both types are restricted 
to defiiiite and separate portions of the seed coat makes it possible to 
determine the time and method by which each hair type originates. 

On the day of flowering, the epidermis (^ives no evidence of fiber 
differentiation at any point. On the following day, outgrowths from 
epidermal cells of the seed coat appear in large numbers over half or 
more of the ovule surface at the chalazal end. As with the King 
Naked variety, new fibers originated for several days after flowering 
on portions of the ovule successively closer to the micropylar end. 
Unlike the King Naked variety, a few hairs were found to arise at the 
chalazal end of the seed on the second, third, and fourth days after 
flowering. The small number of these fibers is indicated by broken 
lines in the diagram (fig. 2, 6^). 

About 6 days after flowering, proliferations from epidermal cells are 
formed in the region covered by t\xzz in mature seeds. These out¬ 
growths can be identified as fuzz hair initials by their position, since 
mature seeds bear no lint hairs in this area. As the diagram indicates, 
fuzz hairs continue to arise at the micropylar end of the ovule for 5 or 
6 days. No hairs were observed to develop on any other portion of 
the ovules during this period. It seems clear, therefore, that in this 
variety, at least, lint and fuzz hairs originate at different times, the 
fuzz arising only after the complete pattern of lint hairs has been 
established. 

The amount of lint-bearing surface in Cleveland Fuzzy Tip differs 
considerably from seed to seed, and this variability at maturity is re¬ 
flected in a comparable variability during fiber initiation. In some 
instances, lint hairs differentiate only from the chalazal half of the 
seed, so that the final pattern is almost identical with that of sea island. 
In other instances, lint hairs differentiate from most of the seed sur¬ 
face, and since this appears to be the more conunon occurrence, the 
diagram for this variety (fig. 2, C) has been constructed to indicate 
that lint hairs arise from all of the seed surface except the fuzz-bearing 
portion. 

MEXICAN 128-6 

In the Mexican variety both lint and fuzz hairs are present over the 
entire surface of the mature seeds (%. 1, Z?), so that the hair initials 
cannot be identified as lint or fuzz by their position on the yoimg ovule. 

On the day before flowering, a limited number of hair initials 
become differentiated from epidermal cells at the chalazal end of the 
ovule. On the day of flowering, however, hairs appear in great 
abimdance (fig. 3, B) over most of the ovule surface, though few, if 
any, appear in the area adjacent to the micropyle (fig. 2, E). As in 
the other varieties already described, the first fibers arise at the chal¬ 
azal end of the ovule, and during the same day other hairs appear 
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FiouBjs 3--Cross sections of epidi*rra^ layer of ovules A, Mexican 328-6, the day before flowering, B 
Jtoican 128-6, the day of flowering C Mexi^n 128-6,24 hours after the opening of tne flower* JP, Mexican 
flowering, JE, sea island, 24 hours after the opening of the flower F, sea islancl, second day 
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proOTessively nearer the micropylar end of the ovule until it is cov¬ 
ered with young fibers, except ordy the micropylar fifth or sixth of its 
surface area. On the day after flowering, new hairs continue to form 
nearer the micropylar end of the ovule and a few can be seen arising 
at the chalazal end as well. A small number of fibers continue to be 
developed from epidermal cells near the micropyle for 3 or 4 days 
(fig, 2, E) The Mexican variety differs from those previously de¬ 
scribed in having a much larger number of hair initials and also in the 
rapidity with which the ovule surface becomes covered with young 
hairs. Almost the entire surface of the young ovule bears elongating 
hairs within 48 hours of the day of flowering. 

On the fourth or fifth day after flowering, a second outburst of 
fiber formation occurs (fig. 2, E), Fiber initials may be seen arising 
from newly formed epidermal cells between the bases of the first- 
formed hairs (fig. 3, D). These hair initials, like those produced on 
the day of flowering, first appear at the chalazal end of the ovule, and 
the younger hairs arise progressively nearer the micropylar end of the 
ovule. Within approximately 48 hours of their first appearance, 
almost the entire ovule surface is again covered with young hair 
initials. This second group of hairs continues to arise from epidermal 
cells of the ovule surface for a period of 4 or 5 days, and the last to be 
formed arise, as in previous cases, in the micropylar region. The 
sequence of fiber origin in the Mexican variety is shown diagrammati- 
cally in figure 2, 

To interpret these observations it is necessary to recall the sequence 
of events described for the King Naked and the Clevelaml Fuzzy Tip 
varieties. In these varieties it was shown that the lint hair pattern is 
largely established within 48 hours of the day of flowering. It was 
further shown that the fuzz hairs when they are present do not appear 
until the lint pattern had been fully determined. 

A similar sequence of events apparently takes place in the Mexican 
variety. One set of hair initials originates within a few days of 
flowering, and a second set of hairs develops over the whole surface of 
the ovule several days later. The hairs produced on and immediately 
following the day of flowering correspond almost exactly in their posi¬ 
tion and time of origin to the lint hairs of the Cleveland Fuzzy Tip and 
King Naked varieties (fig. 2, A and C), It seems probable, therefore, 
that the first hair initials originating on ovules of the Mexican variety 
also develop into lint hairs. Following the establishment of these 
first-formed hairs, which are presumably the lint initials, there is an 
interval of several days in which very few new hairs originate. 

On the fourth or fifth day after flowering, a second period of hair 
production is begun (fig. 2, i?). This corresponds to the period in 
which the fuzz hairs develop in the Cleveland Fuzzy Tip variety. 
Since fuzz hairs cover the entire surface of the seed in the Mexican 
variety, and since the hairs arising in this second period of fiber initia¬ 
tion also appear over the entire surface of the ovule, it seems probable 
that tliey represent the fuzz hair initials. As will become apparent later, 
there is additional evidence which also indicates that the first-formed 
hairs develop into lint fibers and that hair initials arising several days 
after the opening of the flower give rise to the fuzz hairs. No signifi¬ 
cant differences in the history of hair origin and development were 
observed on the ovules by the three different series of Mexican 
studied. 
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NANKEEN LINT 

Nankeen Lint is a variety of American upland cotton with brown 
lint and extremely dense fuzz. Both lint and fuzz hairs are found 
over the entire seed surface (fig. 1, F)y but the fuzz is more prominent 
than in the other varieties studied. 

As indicated in figure 2, F, the hairs arise in much the same manner 
as do those of the Mexican variety. On the day of floweriiig, large 
numbers of hairs are formed by outward extensions of the epidermal 
cells. Differentiation of hairs continues in regions nearer the micropy- 
lar end of the seed for 4 or 5 days after the opening of the flower. It 
seems highly probable that the hairs originating during the first few 
days after floweri^ give rise to lint hairs as do the King Naked and 
Cleveland Fuzzy Tip and the varieties of Gossy'pium harhademe that 
were studied. As in all fuzz-bearing varieties, the ovules of Nankeen 
Lint exhibit a second period of rapid hair production. This begins 
about 6 days after the flower opens, and active production of new 
hairs over the entire surface of the ovule continues for 3 or 4 days. 
After the tenth day relatively few new hairs are produced, and these 
are restricted to the micropylar end of the ovule. This prolific forma¬ 
tion of hairs on and soon after the sixth day after flowering is exactly 
what would be expected, considering the varieties previouwsly described, 
and suggests strongly that the fuzz hairs originate at this time. In all 
the varieties in which the fuzz hairs are restricted to specific areas the 
hairs in these regions appear about 5 or 6 days after the flow er opens. 
This delayed appearance of hairs also occurs in Nankeen Lint, and the 
large number of hairs produced is clearly correlated with the dense 
fuzz hair population characteristic of this variety. 

SEA ISLAND 

Sea-island cotton, in which the lint and fuzz hairs are conspicuously 
restricted to specific areas on the seed, was studied as a representative 
of a different species of cotton (Gossypium barbadense). The lint is 
usually limited to the chalazal half or two-thirds of the seed, while 
the fuzz hairs form a dense growth at the extreme micropylar end 

(fig. 1,0. 

On the day of flowering, some of tlie epidermal cells at the chalazal 
end of the ovule show evidence of slight protuberances. These cells 
are few in number and exhibit no appreciable change in size or ap- 

S earance during the next 24 hours (fig. 3, .E). On the second day after 
owering, however, large numbers of hairs originate as outgrowths 
from epidermal cells in the chalazal half of the ovule (fig. 3, F). 
Since the papillate outgrowths observed on the day of flowering did 
not increase in size or number during the succeeding 24 hours, the 
second day after flowering is more properly regarded as the first day 
of fiber origin (fig. 2, J5). On the third day after flowering, these hair 
initials have grown somewhat in length and new hairs may be seen 
arising at the micropylar margin of the zone in which hairs were 
formed on the second day. The area of the ovule surface on which 
hairs are borne is likewise increased slightly by the origin of a few 
new hairs on the fourth day after flowermg. 

Since the portion of the mature seed corresponding to the area in 
which these hairs are formed bears no fuzz, it is obvious that the hairs 
arising during the first 4 days after flowering develop into lint hairs. 
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On the seventh day after the opening of the flower, hairs begin to 
arise at the extreme micropylar end of the ovule. These hairs con¬ 
tinue to form for 3 or 4 davs. Since no lint hairs are present in tliis 
portion of the seed, these later-formed hairs must develop into fuzz 
hairs. 

It is clear, therefore, that aside from a slower development of hair 
mitials, sea-island cotton conforms essentially to the pattern der 
scribed for the Cleveland Fuzzy Tip variety. In both cases the lint 
hairs appear first and the lint hmr pattern is fully established upon the 
ovule before any of the fuzz hairs originate. 

SAKEL X PIMA 

The mature seeds of Sake! X Pima have both lint and fuzz hairs. 
The lint pattern is very similar to that of sea island and Cleveland 
Fuzzy Tip. The fuzz hair pattern is very different, however, for fuzz 
occurs irregularly over the entire surface of the seed. The fuzz hairs 
at the micropylar end are much like those of sea island, but on the 
rest of the seed the fuzz is very short and brown, adheres closely to 
the seed coat (fig. 1, -E), and contains tanniferous substances. 

In Sakel X Pima, hairs were observed to originate from epidermal 
cells on the chalazal half of the ovule on the day after the opening of 
the flower. Now hairs continue to form during the next 3 or 4 days, 
but they are restricted to a small zone at the margin of the area upon 
which hairs were initiated during the first day after the opening of 
the flower (fig. 2, Z>). For reasons that wiU become apparent later, 
these first-formed hairs very probably develop into the lint hairs. 

A few days after the flower opens, the epidermal cells of the seed 
coat become altered in appearance. This alteration appears to be 
due to the accumulation of mucilaginous and tanninlike compounds in 
the cell vacuoles. This accumulation seems to bear no relation to 
the age of the individual cells of the epidermal layer, for these sub¬ 
stances are present in newly divided cells as well as in cells that are 
several days old. The presence of these substances in the vacuoles 
of the hairs is evidence that such hairs originated several days after 
the opening of the flower. Hairs produced 24 or 48 hours after 
flowermg apparently do not contain these substances. Since the 
lint hairs of this variety are free from such mucilaginous and tannifer¬ 
ous deposits, it seems clear that they originated during the first few 
days after the flower opened. 

Five or six days after flowering, hair initials appear near the micro- 
pyle, and they continue to arise for several days (fig, 2, D), This is 
the portion of the seed that beam conspicuous fuzz hairs and no lint, 
so it is obvious that the hair initials in this position develop into fuzz. 
Occasional epidermal cells on the chalazal naif of the ovule begin to 
produce hairs on about the eighth day after flowering. These first 
appear near the chalazal end and anse successively nearer to the 
micropylar end of the seed (fig. 2, D). These hairs contain the 
mucila^ous and tanniferous deposits generally present in the epi¬ 
dermal layer and so can be identified with reasonable certainty as 
fuzz initials, since the mature fuzz hairs of this variety contain these 
substances, whereas they are absent from lint hairs. 

In Sakel X Pima the evidence suggests clearly that the lint hairs 
are formed within a few days of the opening of the flower and that the 
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lint hair pattern is fully determined before the fuzz hairs appear. 
The fuzz hairs first originate about 5 days after flowering in the micro- 
pylar regions, but some 8 or 9 dajrs after blossoming additional fuzz 
hairs are initiated upon the remaining surface of the ovule. 

DISCUSSION 

From the data that have been obtained in this study it is possible 
to draw certain definite conclusions and to formulate a hypothesis 
relative to the origin of lint and fuzz hairs. Before examining the 
theoretical considerations it will be advisable to set forth briefly 
the facts that are known. 

In all the ovules examined in this study, with the single exception 
of the King Naked variety, on which lint hairs alone are present, 
young hairs were observed to originate at two different periods. The 
first period was on or very soon after the day of flowering, and the 
second period usually began 5 or 6 days after the opening of the flower. 
In all those varieties in which the lint hairs are present only upon re¬ 
stricted areas of the mature seeds, and in which it is therefore possible 
to identify the lint hair initials beyond question, nearly all the lint 
hairs were found to originate within 2 or 3 days after the opening of 
the flower. Few if any new lint hairs are initiated in these varieties 
later than 5 days after the opening of the flower. In those varieties 
where fuzz hairs are restricted to areas devoid of lint hairs and where 
the fuzz hair initials can therefore be identified with certainty, the 
fuzz begins to develop only after the lint pattern has been completely 
established. This means that the fuzz hairs originate in a period from 
5 to 10 days after the flower has opened. 

With tile exception of Sakel X Pima, the time of lint and fuzz 
origin cannot be determined with certainty in the varieties that have 
both lint and fuzz hairs oVer the entire surface of the seed. The two 
varieties that have a dense fuzz population over the seed surface 
(Mexican and Nankeen Lint) exhibit many aspects of hair develop¬ 
ment that appear similar to those of the pattern types. There is, in 
other words, a very real analogy between their behavior in the matter 
of hair origin and the behavior of the varieties in which lint and fuzz 
can be identified by the position of the hair initials in the ovule. 
In such varieties or types as King Naked, Cleveland Fuzzy Tip, sea 
island, and Sakel X Pima, where the lint hair initials can be identi¬ 
fied without question, they have been found to originate on or soon 
after the flower opens. A similar phenomenon occurs in the Mexican 
and Nankeen Lint varieties. By analogy, it might be assumed that 
these first hair initials give rise to the lint hairs. In Cleveland Fuzzy 
Tip, sea island, and Sakel X Pima, where the fuzz hair initials can be 
identified clearly^ the fuzz hairs are found to originate from 6 to 10 
days after flowermg and .well after the lint hair pattern is established. 
Similarly, in the Mexican and Nankeen varieties a number of hairs 
are observed to originate from 5 to 10 days after flowering and well 
after the pattern of the first-formed hairs has been determined. By 
analogy, these might be regarded as the fuzz hair initials. Analogies, 
however, are uncertain foundations upon which to erect trustworthy 
conclusions. It is possible, even probable, that the first set of hair 
initials in the Mexican and Nankeen lint varieties is the lint hair 
initials, and that the second set, as in the other varieties, represents 



Apr. 1,1038 


Origin of Lint and Fuzz Hairs of Cotton 


519 


the fuzz hair initials. In the absence of further evidence, however, 
it would not be possible to assert positively that the first-formed 
hairs produce the lint and that the second set of hair initials gives rise 
to the fuzz in these varieties. 

Fortunately, there is evidence of a different sort which strengthens 
the assumption that the lint hairs develop from the hairs formed soon 
after the opening of the flower and that the fuzz hairs originate from 
the hair initials that appear 5 or more days after flowering. The 
statistical studies of Turner (0), for example, show that there is a 
decided increase in the total number of hairs on the cotton ovules as 
they grow older. One-day-old ovules of the Nandyal 14 variety were 
found to possess some 4,530 hairs, while 28-day ovules had 16,420 
hairs. Likewise, 1-day-old ovules of the Punjab-American 4'-F 
variety were estimated to have 5,980 hairs, in contrast to the 25,090 
hairs counted upon the 28-day-old ovules. These data bcconie highly 
suggestive when considered m the light of the number of lint hairs 
found upon mature seeds of these varieties. Nandyal 14 was found to 
have only 4,000 lint hairs at maturity, and Punjab-American 4-F 
had approximately 7,900. The number of lint hairs on mature seed, 
therefore, is not very different from the number of hairs found upon 1- 
day ovules. This is exactly what would be expected from the results 
of the present study, since wherever lint hairs could be positively 
identified at the time of their origin they were found to arise within 
a day or two of the day of flowering. The increase in the number of 
hairs upon the older ovules that is reported by Turner can be explained 
by pointing out that the fuzz hairs, wherever they could be positively 
identified at the time of their origin, have been found to originate in a 
period between 5 and 10 or more days after the opening of the flower. 
The data obtained by Turner from a purely statistical study harmonize 
very well with the results of the cytological study here reported. 

Another line oi evidence of a very different kind that supports the 
hypothesis of early origin of the lint and later origin of the fuzz is that 
reported by Harrison (7) as a result of his studies of metaxenia in cot¬ 
ton. Harrison found that hybrids between inbred Pima and Hopi 
strains showed definite evidence of metaxenia. One of these experi¬ 
ments is of interest in relation to the problem of lint and fuzz origin. 
Harrison reported that when Hopi pollen was used upon Pima the 
number of lint hairs produced upon the resulting seeds was not different 
from those upon inbred Pima seeds but the amount of fuzz was appre¬ 
ciably reduced. These results harmonize nicely with those of the 
present study. If lint hairs ori^ate within 24 or 48 hours of the 
time of flower opening they could hardly be influenced by a hybrid 
embryo. Fertilization does not occur until after the lint hair pattern 
has been established. Fuzz hairs, however, presumably originate after 
fertilization has been accomplished, and the density of the fuzz pattern 
could, therefore, be influenced by the hybrid embryo. The results of 
Harrison^s work may be interpreted as supporting the thesis that fuzz 
hairs arise after the lint pattern has been fully determined. 

It seems clear from the foregoing discussion that there is considerable 
evidence in support of the hypothesis that lint hairs arise on or very 
soon after the day of flowering, while the fuzz hairs do not appear 
until 5 or more days after the flower opens. This is known to be true 
of those varieties studied in which the lint and fuzz initials could 1^ 
identified by their position on the ovules. The history of hair origin 
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in the varieties studied in which lint and fuzz hairs could not be 
identified by position or appearance at the time of their origin is 
thoroughly consistent with early development of lint and later origin 
of fuzz. The early appearance of lint hairs is further suggested by 
statistical studies of hair density at different ages and by experiments 
designed to demonstrate metaxema in cotton. The thesis that lint 
hairs arise early and that fuzz hairs originate only after the lint hair 
population has been fully determined seems, therefore, to be justified 
by the evidence presented. 

SUMMARY 

The time and place of origin of lint and fuzz hairs on the ovules of 
six selected varieties of cotton have been studied. The hairs in all 
varieties were found to have an essentially similar developmental 
history. 

In the King Naked variety most of the lint fibers originate on the 
day of flowering and additional lint may differentiate during the next 
2, 3, or 4 days. 

In Cleveland Fuzzy Tip, lint initials differentiate in abundance on 
the day after flowering and others make their appearance in the 
following 3 or 4 days. Fuzz fibers originate continuously at the 
micropylar end of the ovule from about the sixth to the eleventh day. 

In Mexican 128-6, hairs that are presumably the lint initials appear 
in abundance on the day of flowering and during the next 3 or 4 days 
in areas near the micropylar end of tne ovule. Hairs that presumably 
give rise to fup originate on about the fourth day after flowering and 
continue to arise for a period of 3 or 4 days. 

In Nankeen lint, hairs believed to be the lint initials diftbrentiate 
from the epidermal cells on the day of flowering and continue to form 
in the region of the micropyle for the next* 4 or 5 days. Hairs believed 
to be the fuzz initials first appear in abundance on the sixth day after 
flowering and continue to originate for a period of about 6 or more days. 

In sea island, almost all of the lint fibers originate on the second day 
after flowering, but a small number of others may arise on the following 
2 or 3 days. The fuzz initials arise on about the seventh, eighth, and 
ninth days after flowering. "" 

In Sakel X Pima, hairs that are presumably the lint initials 
appear on the day after flowering, and a few others develop during the 
next 3 or 4 days. The fuzz at the micropylar end of the seed originates 
between the fifth and tenth days after flbwering. The fuzz on other 
portions of the seed apparently begins to develop on about the 
eighth day after the flower opens. 

It is suggested that lint hairs originate when or soon after the cotton 
flower opens, and that the first fuzz hairs appear only after the lint 
population has been fully determined. It is further shown that this 
thesis is consistent with the results of other investigators. 
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ROGAS UNICOLOR (WESM.), A BRACONID PARASITE OF 
THE SATIN MOTH^ ^ 


By Philip B. Dowden ^ 

Assistant entomologist^ Division of Forest Insect Investigations^ Bureau of Ento* 
mology and Plant Quarantine^ United States Department of Agriculture 

INTRODUCTION 

Rogas unicolor (Wesm.) is a European species parasitic on the satin 
moth {Stilpnotia saJ^icis L.). It was JSrst reared by workers of the 
Bureau of Entomology, United States Department of Agriculture, 
at Budapest, Hungary, in 1927. At that time only two adults were 
recovered, but in 1932 about 250 cocoons were obtained by rearing, 
and in 1933 and 1934 more than 7,000 cocoons were sent to the United 
States. Several colonies of adults have been liberated in areas in¬ 
fested with the satin moth in New England and Wasliington. Al¬ 
though the species is not known to have become definitely established, 
numerous observations have been made in tlie laboratory regarding 
its biology and morphology, and this paper gives the results of these 
observations. 

REVIEW OF LITERATURE 

Although the genus Rogas includes many species that are parasitic 
on common lepidoptcrous pests throughout the world, notes on their 
biology and liabits are scattered and incomplete. Rogas unicolor 
was mentioned briefly as a parasite of Stilpnotia salicis in Hungary by 
Brown (7) Mn 1931. Ue Fluiter (4) listed Petalodss {Rogas) unicolor 
(Wesm.)® as a parasite of S, salicis in Holland in 1933, giving a list of 
secondary parasites reared from the cocoons. Petalodes unicolor 
(Wesm.) and Rogas unicolor (Wesm.) are distinct, but apparently 
Rogas unicolor is the species that De Fluiter reared from the satin 
moth. Dustan {2) gave an excellent account of the internal anatomy 
of the full-grown larva of Rogas hyphantriae Gahaa, which has been 
very helpful in this study. Fiske (8) gave brief notes on what he 
called ^^Rhogas iniermedim CVesson^^ ® as a parasite of Clisiocainpa 
i^Malacosorna) americana F., emphasizing the role played by its hy¬ 
perparasites. This species, however, is an undescribed one which was 
obviously misidentified. Pennington (7) briefly discussed the life 
lustory of Rogas ierminalis (Cress.), parasite of Cirphis unipuncta 
Haw., and noted the production of males in parthenogenesis. Hyslop 
{6) noted Rogas autographae Vier. as a parasite of Autographa gamma 
L. {californica Speyer) and described cocoon formation. Tothill (9) 
gave a few notes on Rogas sp. as a parasite of Hyphantria cunea 
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(Drury). Husain and Mathur {6) briefly noted the life liistory of 
^^Rogas tesiaceus Grav. var.'^® parasite of Earias insulana Boisd. and 
E. fabia Stoll. Apparently R, tesiaceus (Spin.) was intended, for 
Gravenhost did not describe a species of Rogas under this name. 
Hyslop (6), Tothill (S, pL S), and Pennington (7) gave good figures 
of the adults and cocoons of the species they worked with, and Penn¬ 
ington also gave a figure of the egg. 

ECONOMIC IMPORTANCE 

Rogas unicolor has been recorded from Bel^um, Holland, Germany, 
and Hungary, and it seems probable that it is present in many of the 
places where Stiljmotia salicis occurs in Europe. So far as is known, 
it has been reared only from this host. Apparently it is of slight 
economic importance. " De Fluiter (4) notes recovering it from S. 
salicis in Holland, but he does not give the number of cocoons obtained. 
The Bureau of Entomology conducted large-scale rearing work at 
several points in Austria and Hungary from 1927 through 1934 for 
the recovery of parasites of S, salicis, but R, unieolor was never 
recorded in appreciable numbers except at Budapest, Hungary. At 
that point from 1929 to 1934 there was a light infestation of the satin 
moth on a sand bar in the Danube River. This sand bar, about 1% 
miles long and from 100 to 200 yards wide, supports a bushy growth 
of poplar ranging in height from 3 to 8 feet. In 1931, 11 cocoons 
were reared from 6,000 larvae. In 1932, 286 cocoons were recovered 
from collections totaling 26,980 larvae. In 1933, 364 cocoons were 
obtained from collections of 35,950 larvae, and 1,890 cocoons wore 
collected in the field. In 1934 rearing work was discontinued, but 
5,065 R, unicolor cocoons were collected in the field for shipment to 
the United States, and it was estimated that, if funds had been avail¬ 
able, from 2,000 to 3,000 more might have been brought together. 

In spite of the low percentage of parasitization by Rogas, the field 
collections showed that, barring very high secondary attack, there were 
enough cocoons in the field to supply a large number of adults. It 
was therefore felt that possibljr under somewhat different conditions, 
such as might exist in the United States, the species could have an 
excellent chance of becoming more eff^tive. 

It should be pointed out at this time that cocoon collection in the 
fieW was greatly facilitated by the fact that the parasitized host larva 
spins a conspicuous white web, inside of which the parasite cocoon 
is formed. 

INTRODUCTION INTO THE UNITED STATES 

There were 256 Rogas unicolor cocoons in the first shipment sent to the 
United States in 1932. Out of 225 adults that emerged, 224 were 
females. There seemed a strong possibility, therefore, that this species 
normally produced females in parthenogenesis; so only females were 
liberated. This possibility was later confirmed, and all liberations 
have consisted entirely of unmated females. The number and extent 
of colonizations is shown in table 1. 

Unfortunately for this work, during the period when liberations were 
made in New England the satin moth was on the decline and, although 
good infestations were present at the time of colonization, they prac¬ 
tically disappeared in the following year. In Washington conditions 
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were far better for colonization, for a general infestation has persisted 
throughout the area. The adult parasite has never been recovered in 
the United States, although in 1934, the winter following liberations, 
a first-instar Rogas larva was dissected from a hibernating satin moth 
larva collected at the colonization point in Portland, Maine. 


Table 1. — Colonization of Kogas unicolor in the United States 


Point of liberation 


Portland, Maine_ 

Topshain, Maine. 

South Ilarpswell. Maine_ 

Concord. N. H.. . 

Taunton, Mass_ 

South Yarmouth, Mass..- 

Woonsocket, K. I. 

Now Haven, C{)nn.. , 

Olympia, Wash_ - 

Bullinghum, Wash., _ 

Stan wood, Wash.., . . _ 

Kent, WavSh. _ . 

Total. . 


Year 

Females 

shipped 

Living 
females lib¬ 
erated 


Number 

Number 

1033 

509 

500 

]933 

500 j 

500 

1934 

500 1 

5(K) 

1933 

150 

150 

1932 

200 

200 

1933 

500 

500 

1934 

500 

500 

1934 

3(K) 

293 

1934 

432 

430 

1934 

500 

497 

1934 

500 

457 

1934 

500 

492 


j S 

1 

5,019 


DESCRIPTIONS 


THE ADULT 


The adult (fig. 1) was described by Wesmael (12) in 1838 as a species 
of the genus Aleiodes, In 1803 Keinhard (8) placed it under Nees' 
genus Rogas, 

THE EGG 


The newly laid egg (fig. 2, A) measures 0.40 mm long and 0.11 mm 
wide. It is very slightly curved, bluntly rounded at the ends, and 
slightly broader at the cephalic extremity. The chorion is smooth 
and hyaline except for a slightly roughened area at the cephalic end. 
A conspicuous round, light area may be observed near the caudal end 
of the embryo. This is the gonad of the first-instar larva. 

THE larva 

There are five larval instars. The first and tlie last are distinct, 
but the intermediate instars differ little from one another except in 
size and mandibular measurements. Each of the first four instars has 
an extremely delicate sldn, and often the next larval instar may be 
distinguished as it develops under the skin about to be molted. 


First Instar 

The first-instar larva (fig. 2, B) averages 0.40 mm long and 0.12 mm 
wide when hatched. It attains a size of about 0.60 mm long and 0.15 
mm wide preparatory to hibernation, and in the spring develops to 
almost three times this size before molting to the second instar. It 
possesses a head and 13 well-differentiated segments. The cuticle is 
smooth, without spines or setae, and there is no tracheal system. 
The head (fig. 2, C) has a well-developed hypostoma and pleuro- 
stoma.® The epistoma, instead of constituting a continuous arch 


® The termlnelogy of the head structures Is that of Vanoe and Smith {IG), 
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above the mouth opening, is represented by two well-developed struts 
which run vertically above the superior pleurostomal rami. The 
mas^lae and labium are defined by lightly sclerotized markings, 
bearing four pairs of setae. There are four sensoria just above the 
mouth opening. The mandibles (fig. 2, D) are simple, sharply curved 
hooks, measuring 0.02 mm. The internal anatomy is similar to that 
of the full-grown larva, which will be described fully, except that in 
the first instar the gonads are well developed and conspicuous. 
They are circular in outline and occupy a largo part of segments 10 
and 11 above the hind-intestine. 

Second Instab 

Second-instar larvae range from 1.8 mm long and 0.56 mm wide to 3.75 
mm long and 0.95 mm wide. The tracheal system is developed, and, 



although there are no spiracles, there are spiracular stubs in the 
second and third thoracic and first eight abdominal segments. The 
head structures are weakly sclerotized. The hypostoma is well 
defined, but the mandibular and maxillaiy lobes are weakly shown 
and the epistoma forms a barely discernible arch over the mouth. 
The mandibles have the same general form as those of the full-grown 
larva. They measure 0.04 mm. The gonads are inconspicuous. 

Thikd Instak 

Third-instar larvae exhibit but slight difl’erences from those of the 
preceding instar. They range from 4.0 mm long and 1.0 mm wide to 
5.0 mm long and 1.32 mm wide. The mandibles measure 0.06 mm. 
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Fourth Instar 

Fourth-instar larvae range from 6.0 mm long and 1.5 mm wide to 
9.0 mm long and 2.0 mm wide. There are still no open spiracles, the 
integument is bare, and except for the hypostoma and pleurostoma 





the head skeleton is practically undefined. The mandibles measure 
0.10 mm. 

Fifth Tnstar 

The full-grown larva (fig. 3, A) measures about 10 mm long and 2.5 
mm wide. It is yellowish white, and when quiet assumes the char- 
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acteristic shape, with head cvirved downward, as shown in the figure. 
The first eight abdominal segments bear proimnent lateral folds. 
The integument bears tiny cuticular spines as indicated. The last 
abdominal segment bears, in addition, several (about 12) pairs of 
sensory setae. Sensory setae are also present on the other segments. 





FiftrBE unicolor: A, Full-grown larva: 9p, spiracle; 1/, lateral fold, X 11. B, Full-grown larva, 

mtornal anatomy; »lkgld, silk gland; mint, nudiutestiue; mal, malplghian tube; vm, ventral nerve cord; 
Ainf, hindintestino, X11. C, Iiea^ of full-grown larva, front view; a, antenna; dim, dorsal tentorial mark; 
po, postoociput; <i1s, stipitsl solerome; pi, pleurostoma; hy, hypostoma; lea, lateral epicranial angle; mas, 
maxillary sderome; las, labial solerome, X 72. 

but owing to similarity with the cuticular spines and unevenness 
of distribution their exact number and location were not determined. 

The bead, seen from the front (fig. 3, C), presents well-detoed 
characters. The antennal rudiments are somewhat darkened areas 
containing two or three minute papillae. They are surroimded^by 



Apr. 1,1938 


A Braconid Parasite of the Satin Moth 


529 


large oval areas, the antennal foramina. The postocciput is well 
denned laterally. Just below the antennal foramina pronoimced 
grooves extend inward from the postoccipiit. These grooves may be 
the temporal fossae. The hypostoma widens and divides at the 
lateral epicranial angles, where one side is fused to the strong trans¬ 
verse tentorial bar. The stipital scleromc is apparently not attached 
to the hypostoma. It sets off the heavy fold of the maxillary region. 
The maxillary and labial palpi each have two slightly raised round 
sensoria. The mandibles (fig. 2, are simple and broadly oval at 
the base. On the inner side of the basal part they bear a number 
of minute spines. They measure 0.14 mm. An area on the ventral 
portion of the head is armed with cuticular spines. 

The tracheal system is composed of a pair of lateral trunks, which 
give rise to a mam dorsal and a main ventral branch in each segment 
except the head and the last segment. There are nine pairs of 
spiracles. A pair occurs on the mesothoracic segment and a pair on 
each of the first eight abdominal segments. They are jomed to the 
longitudinal trunks by short spiracular branches. A spiracular 
stub occurs in the metathoracic segment, but there is no spiracle. 
The mesothoracic spiracle measures 0.04 mm in diameter. The 
main dorsal branches in the first segment are connected, and in each 
of the first eight abdominal segments small tracheae arising from 
the main ventral branches unite to form a ventral transverse com¬ 
missure. The head and the last segment receive branches from the 
main longitudinal trunks. The main dorsal and ventral branches 
give off numerous small tracheae, which branch profusely. Some 
small tracheae also arise from the longitudinal trunks. 

The digestive system (fig. 3, J?) is similar to that described by 
Dustan (£) for Rogas hyphantriae Gahan, although larvae of R. unicolor 
were not sectioned, and many of the details described for i?. hyphaU’- 
triae were not studied. 

The alimentary canal consists of a short, slender foreintestine, a 
large midintestine, occupying most of the body cavity from the first 
to the eighth abdominal segment, and a short hindintestine. The 
contents of the inidintestine are brownish pink. The hindintestine 
is composed of three well-defined areas—a short bulbous section just 
behind the midintestine, an even shorter constricted section, and a large 
saclike rectum. The malpighian tubes are attached to the first section. 
The rectum is about three times as wide as it is high. The salivary 
glands are well-developed tubes lying on each side of the body. They 
unite in a short, common duct, which has a U-shaped opening on the 
floor of the mouth. The common duct divides into two tubes at the 
posterior border of the head. Each tube extends upward to the third 
segment, where it bifurcates. Each branch possesses many actively 
secreting cells that are grouped in conspicuous oval nodules joined 
along the main tube. Posteriorly these nodules are more numerous, 
and consequently the tubes become considerably widened. There is 
only one pair of malpighian tubes, but they are exceedingly long and 
are attached very closely to one another at the base of the hindintes¬ 
tine. They do not have a common lumen as in Rogas hyphantrixie. 
They separate almost immediately, running just above the ventral 
nerve cord to the third thoracic segment, where they turn, run pos¬ 
teriorly almost as far as the hind intestine, turn again, and run 
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anteriorly almost to the second thoracic segment, where there is 
another short turn before they end. They are for the most part 
straight-sided tubes, but here and there a slight swelling occurs. 

The brain and the nerve cord are distinct. The ventral nerve chain 
includes 11 double ganglia, the terminal one being in the eighth ab¬ 
dominal segment. The abdominal ganglia are fused. Each is located 
at the anterior border of the segment, and gives off a pair of long nerve 
fibers running posteriorly and laterally through the segment. The 
terminal ganglion is evidently a fusion of the last three segments, for it 
sends out three pairs of nerves. 

The heart, or dorsal blood vessel, may be distinguished readily in 
living specimens. It runs from the first segment just behind the brain 
abruptly dorsad to the median line, and along this line to the twelfth 
segment. 

The urate cells are conspicuous just beneath the cuticle. They are 
irregular in shape, semiopaque, and occur from the second to the 
seventh abdominal segments, inclusive. 

The histoblasts of the various external organs are easily distinguish¬ 
able, since they lie just underneath the cuticle and are semiopaque, 
The antennal liistoblasts are situated behind the antennal rudiments; 
those of the legs are on the venter of the thoracic segments; those of 
the wings are found laterally on the second and third thoracic seg¬ 
ments; and the histoblasts of the female genitalia are located ventrally 
in the eighth and ninth abdominal segments. 

The rudiments of the ovaries are located in the seventh abdominal 
segmen t. They consist of two spindle-shaped bodies with long, narrow 
stalks ventrally and numerous tiny filaments dorsally. The stalks are 
attached to the ventral wall on each side of the ventral nerve chain, 
and the filaments are joined dorsaUy. 

THE COCOON AND PUPA 

Characteristic of the genus, the cocoon of Rogas unicolor is formed 
inside the dead host larva's skin. The contents of the host larva 
are almost entirely consumed, and the parasite spms a light, but tough, 
brown cocoon within the host skin. As the skin dries it forms a d^, 
taut case, conforming closely to the shape of the full-grown parasite 
larva. The head of the dead host larva remains attached to the skin 
and is curved do^ward. 

The pupa is of the usual hymenopterous type. It is oriented toward 
the caudal end of the host larva. 

BIOLOGY 

Rogas unicolor has one generation a year. It passes the winter as a 
first-imstar larva within the hibernating host larva. Development 
proceeds slowly in the spring, and the parasite larva does not become 
full grown until the hosTt larva is in the penultimate instar. Under 
insectary conditions in New England on an average 12 days is spent in 
a cocoon. Rogas adults issue from June 21 to July 7, the majority 
appearing the end of June. Probably issuance would be somewhat 
later under field conditions. Satin moth eggs are deposited late in 
June and in July. They hatch in about 15 days, and 5 to 6 days are 
spent in the first instar. Roaas females attack the second-instar 
larvae. Females issuing the first of July probably do not find an 
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abundant supply of suitable host material for 2 or 3 weeks, but un¬ 
doubtedly some larvae are present soon after they appear. 

As in other species of RogaSy the adults issue by gnawing an irregular 
hole through the dorsal side of the cocoon near the caudal extremity of 
the dead host's larval skin. In one or two instances the emergence hole 
has been found on the venter. The adults are rather inactive, slow- 
moving insects. At the laboratory they were confined in glass-topped 
wooden boxes and fed dry lump sugar and a honey solution (1 part 
honey to 5 parts water) held on absorbent cotton or sponges. Wlien 
placed in a cool, dark room they lived on an average 34 days. When 
placed ill 8-inch glass vials for continuous reproductive work, they 
lived a somewhat shorter time. Six females used in reproduction- 
capacity work in 1933 lived on an average 22 days, with a minimum 
of 12 and a maximum of 32 days. In 1934 the females used in similar 
work were held for 3 to 4 weeks before suitable host larvae could be 
provided, and they lived on an average only 8 days after beginning 
oviposit! on. 

As already indicated, experiments have shown that Rogas unicolor 
normally produces females by parthenogenesis. A number of larvae 
were attacked at the laboratory by both mated and unmated females. 
In all 90 adults were rearerl, and 89 of them were females. The one 
male was the progeny of an unfertilized female. Apparently about 
the same proportion of females are produced under natural conditions, 
for during a 3-year period out of 5,492 adult Rogas issuing from cocoons 
received from Europe only 40 were males. 

Although females are normally pmduced in parthenogenesis, the 
sexes mate fairly readily. Eight pail’s averaged 30 seconds in coitu. 

Roga^ females oviposit very readily in second-instar host larvae. 
First-instar larvae are so small that the ovipositor cannot be suc¬ 
cessfully inserted. Wlien a Rogas female comes near a host larva, 
she quickly touches it vdth her antennae and moves toward it with 
abdomen curved downward ready to strike. If the larva stops, she 
often stands still over it a moment and then prods it gently with her 
abdomen. WTien the larva is moving, she inserts her ovipositor by 
a quick forward thrust of the abdomen. Oviposition requires about 
a second, and the parasite then hurries away. Since the parasite's 
ovipositor is very short and the host larva small, the larva is often 
lifted up, and frequently rolls itself into a tight ball. If the larva 
rolls up before the ovipositor is actually inserted, the parasite may 
make use of her long antennae and palpi to hold it in position for 
attack. The parasite shows no discrimination, frequently attacking 
the same host larva a number of times, but she always walks away 
a short distance after each egg is laid, and is therefore not imme¬ 
diately attracted to the same larva. Observations conducted during 
two seasons on isolated females indicated that Rogas unicolor has a 
rather high reproductive capacity. The maximum number of eggs 
laid by one female was 322, but when this female was dissected there 
were still a number of e^gs in her ovaries and ovarioles. Each ovary 
has two very long ovarioles, and it is very difficult to count all the 
eggs present. This particular female had at least 100 more eggs in 
the process of formation and it is quite possible that more might 
have been developed. The maximum number of eggs laid by a 
single female over a 2-day period was 88. 
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When it is first deposited, the egg apparently floats freely in the 
body cavity of the host larva, for it floats out very readily upon dis¬ 
section. After about 24 hours, however, it seems to be lightly at¬ 
tached to various host organs, but most frequently to the silk glands, 
malpighian tubes, or fat body. The egg hatches in about 63 hours. 
The tiny parasite larva floats freely in the body cavity of the host. 
It ingests a small quantity of the host body fluids, increasing slightly 
in size before hibernation. In the spring it develops very slowly, 
first-instar larvae having been dissected out as late as June. The 
next three instars are completed within 3 or 4 days, and it is difficult 
to find a larva of an intermediate instar without traces of the next 
one already apparent through the thin skin. Several days are spent 
in the last larval instar. The contents of the host larva are almost en¬ 
tirely consumed and then the parasite cocoon is spun. During the 

_greater part of this instar 

the head of the parasite is 
oriented similarly to that 
of the host. As the co¬ 
coon is spun the parasite 
reverses its position com¬ 
pletely, and pupation 
takes place with the head 
of the parasite toward 
the posterior segments of 
the host and its venter 
toward the host dorsum. 
Upon completion of the 
cocoon the larva voids 
its meconium and pupa¬ 
tion takes place within 
about 24 hours. 

Vickery {11) found that 
just before cocoon for¬ 
mation the larva of 
Bogas laphygmae Vier. 
cuts through the skin 
and pushes the fluids and 
material it does not eat 
out of the host larva’s 
body. The drying of these fluids attaches, the cocoon to the plant on 
which it is resting. Fiske {3) reported that larvae of ^^Rhogas inter- 
medias Cresson” attach their cocoons with a bit of brown silk extruded 
from a puncture on the ventral thoracic surface. Rogas unicolor does 
not cut through the host larval skin. The cocoons are dry and 
unattached. 

EFFECT OF PARASITE ON HOST 



Figtire 4 - -Web spun by Stilpnotia aaliai larva parasitized 
by Iioga9 unico/or. 


The growth of Stilpnotia salicis larvae parasitized by Rogas unicolor 
is considerably retarded. There is no apparent difference in para¬ 
sitized and unparasitized larvae until the penultimate instar. Those 
that are unparasitized develop rapidly through the last instar and 
begin to pupate, while those that are parasitized fail to molt to the 
last instar and become very sluggish. Pinally, about the time the 
parasite enters the fourth instar, the caterpillar seeks a sheltered 
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place and spins a dense, white web that is usually oval (fig. 4). In 
the field this web is usually spun between leaves. The parasite 
cocoon is formed inside this protective covering. 

HYPERPARASITES 

Unfortunately Rogas uriicolor is attacked by a number of hyper¬ 
parasites. Fourteen species have been reared from cocoons collected 
from the field at Budapest, and De Fluiter (4) records four species 
reared from ^^Petalodes (Rhogas) unicolor (Wesm.)"' in Holland. 
Dibrachys (Walk.) was the most important hyperparasite at 

Budapest. During 1933 and 1934 it parasitized more individuals 
than all the other species together. It is gregarious, and during the 
2-year period on an average 15 adults were reared from each Rogas 
cocoon. This species is present in New England, and Fiske (3) has 
recorded Dibrachys houcheanus (—cavus Walk.) as an important 
parasite of ^'Rhogas intermedias (Cresson).’^ 

Data concerning the hyperparasites reared from Rogas unicolor 
cocoons collected at Budapest have been summarized in table 2. 

In 1933 hyperparasites issued from 14 percent of the cocoons that 
produced adults, and in 1934 from 17 percent. Since this material 
was collected in the field, it gives some indication of natural conditions, 
but probably a much higher percentage would have been destroyed 
if the cocoons had been left there until the adults emerged. 

Tablk 2. —Par asiii zation of field-collected cocoons of Rogas unicolor from Bvdapestf 
Hvngary, in 193S and 1934 


1933 


1934 


Sp<‘r'ies of j)ara.site ' 


ItoplecUsscanica ViW- _ 

Tkeronia atalantae Poda. 

HemiteUs areator Panz. 

Meaochorus tuberculiger Thoms. 
Mesochwua pallidua Brisehke.. 
Brachymeria intermedia (Nees). 

Catolaccua ater Ratz. 

Monodontomerut dentipes Boh. 

Tetraatichus rapo Walk. 

Pleurotropie faciaha (3 Ir.^. 

Cirroapilua piciua (Nees). 

Dibraekya cavua . 

Eurytoma sp. 

Eupteromalua sp.» (gregarious), 
Eupteromalua sp.< (solitary)_ 

Total killed by parasites 

Adults isvsued. 

Dead from unknown causes...- 

Total cocoons collected.. 


Parasi¬ 

tized 

cocoons 

Parasites 

Average 

parasites 

Parasi- 

Parasites 

Average 

parasites 

issued 

i 

jier co¬ 
coon 

coeoons 

issued 

IHjr co¬ 
coon 

26 

25 

1 

98 

98 

1 

19 

19 ‘ 

1 

65 

65 

1 

2 

2 i 

I 

6 

6 

1 

34 

34 

1 

65 

65 

1 

1 

1 

1 




2 

2 

1 

12 

12 

i 

9 

9 

1 

4 

4 

1 

4 

12 

3 

6 

20 

3+ 

1 

1 

1 




1 

16 

16 

15 

341 

22+ 




2 1 

30 

15 

125 

1,875 

15 i 

405 

6,049 

15 

1 

1 

1 



12 

210 

17+ 

. 

242 

13 ' 

4 

4 

1 

29 

29 

1 

240 



726 



1,628 
307 



3,583 

757 







I"' - 




2,075 



6.066 


. 


i Determinations made by C. F. W, Muesebeck, A. B. Gahan, and R. A, Cushman, of the Bureau of 
Entomology and Plant Quarantine, Division of Insect Identification 
> 1 cocoon produced 16 Pleurotropia and 4 Dtbraehya. 

«1 cocoon produced 3 Bibrachya and 1 Eupteromalua. ^ ^ , 

^ A. B. Gahan, of the Bureau of Entomology and Plant Quarantine, Division of Insect Identification, 
states that this species of Eupteromalua is “very close’' to E. nidulana Foerst., and that the large solitary 
specimens are probably large specimens of the same species. 
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De Fluiter (4) reared Dibrachysf houcheanus Katz, {^cavus Walk.?), 
Eurytoma appendigaster Boh., tiahrocytus emeru^ (Katz.), and Meso- 
chorus rnarginatus Thoms, from Bogas cocoons in Holland. D. cavus 
is the only one of these species that was also present at Budapest. 

Bogas spends about 12 days in the cocoon, but all the hyperparasites 
except the two species of Mesochorus attack this stage. Mesochorus 
tuberculiger Thoms, attacks the tiny hibernating Bogas inside the 
Stilpnotia salicis larva. Mesochorus females pay practically no atten¬ 
tion to unparasitized S. salicis^ but upon encountering a parasitized 
larva the hyperparasite strokes it rapidly with its antennae and jabs 
it repeatedly with its ovipositor. Upon dissection the attacked 
Bogas larva is found to contain a tiny gourd-shaped Mesochorus egg. 

FACTORS LIMITING THE EFFECTIVENESS OF THIS PARASITE 

The only obvious factor limiting the eifectiveness of Bogas unicolor 
as a parasite of Stilpnotia salicis is the hyperparasitism. There are 
numerous parasites, however, that are apparently just as severely 
attacked by hyperparasites, which prove to be far more effective as 
control factors of their respective hosts. Although S. salicis has been 
reared at many points in Europe, R. unicolor has been recorded in 
appreciable numbers only at Budapest, Hungaiy, and at Wageningen, 
Holland. It seems that there must be some unknown factors, possibly 
climatic, that keep it from becoming a more important parasite of 
this host in Europe. 

SUMMARY 

Bogas unicolor (Wesin.) is a braconid parasite of minor importance 
on Stilpnotia salicis L. in Europe. In 1933 and 1934 about 7,000 
cocoons were collected at Budapest, Hungary, and sent to the United 
States. Adxilts were colonized in New England and in Washington, 
but the species has not yet been definitely recovered. 

The various stages of the parasite are described in detail. 

Bogas unicolor has one generation a year. The winter is passed as 
a firsVinstar larva within the hibernating host larva. Development 
proceeds slowly in the spring, and the parasite becomes full grown 
when the host larva is in the penultimate instar. The cocoon is 
formed inside the skin of the dead host larva. About 12 days is spent 
in the cocoon, and adults issue the last of June. Parthenogenetic 
reproduction results in female progeny, although an occasional male 
appears. A maximum of 322 eggs was o1:)tained from a single female.' 

Host larvae that are parasitized by Bogas unicolor are considerably 
retarded in growth. Just before the parasite becomes full grown, the 
host larva spins a dense white web, within which the parasite cocoon 
is formed. 

Bogas unicolor is attacked by a number of hyperparasites. Fourteen 
species were reared ffom Bogas cocoons collected in the field at Buda¬ 
pest, Hungary. The most important hyperparasite was Dibrachys 
cavus (Walk.), which has been noted by Fiske as an important parasite 
of *^Bhogas intermedias (Cresson)^’ in New England. Hyperpara¬ 
sitism is the most apparent factor limiting the effectiveness of this 

E arasite, although climate or other, unknown factors may actually 
e more important. 
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TRANSMISSION OF SUGARCANE MOSAIC BY THE GREEN 
BUG (TOXOPTERA GRAMINUM ROND.)' 

By J. W. Inoram, cntotnologiaty Division of Cereal arid Forage Insect 1 nve.stigaiionsy 
Bureau of Entomology and Plant Quarantine^ and K. M. Summers, assistant 
pathologist, Division of Sugar Plant Investigations, Bureau of Plant Industry, 
United States Department of Agriculture ^ 

INTRODUCTION 

In 1920 Braudes '^ reported experiments showing that sugarcane 
mosaic was transferred by the corn leaf aphid (Aphis maidi^ Fitch). 
This remained tlic only proved vector until 1980, when the present 
authors ^ reported a series of successful transfers with the rusty plum 
aphid (Hifsteroneura sefariac (Thos.)) and stated that the green bug 
iToxoptera graminum Rond.) had been ol)served to transfer mosaic in 
two cases. Additional experiments, conducted during 1930, gave fur¬ 
ther proof that the green bug is a vector, and the results of these 
cx})eriments are leported herein. 

DISTRIBUTION AND HABITS OF THE GREEN BUG 

Toxoptem grami/ivrn is a species of world-wide distribution, having 
been reported from India, Africa, Australia, and Europe, as well as 
from North America. It has been found in nearly all parts of the 
United States, In the Mississippi River Basin it causes heavy damage 
to small-grain crops, princii)ally wheat and oats. This aphid has not 
been reported as feeding on sugarcane elsewhere than in Louisiana and 
not until recently in that State. 

In the sugarcane section of J^ouisiana this aphid has been observed 
chiefly on sugarcane, Johnson grass (Sorgh'uni halepmae)^ crabgrass 
{Digitaria sanguinalis), Panienm dichoUmiforvm, and P, reidaits. In 
many fields it has been found in numbers anout equal to those of Aphis 
maidis on sugarcane, but generally it is not so abundant. The green 
hug occurs in greatest abundance on crabgrass. Large numbers have 
also been seen on Johnson grass, wdiich is sometimes found growing in 
sugaicanc fields but more frequently on ditchbanks and headlands 
surrounding the fields. None of these aphids were ever found on oats 
growing alongside a sugarcane field in which tlnue was a heavy 
infestation on crabgrass. 

Both winged and wingless forms are commonly found in the whorls 
of sugarcane plants, whore they have undoubtedly been mistaken for 
Aphis maidis in the past. ToxopUra graminum also feeds on the other 
parts of the plant. It is sometimes observed feeding at the tips of the 
leaves on the under side. Since the green color of this aphid is more 
nearly like that of sugarcane than is the color of any of the other 
aphids occurring on sugarcane, it is the most difficult species to find. 

1 Received for publication December 16,1937; issued May 1938. 

2 The authors pratefully acknowledge lielpful suggestiens from P. N. Annand, of the Bureau of Ento¬ 
mology and Plant Quarantine, and R. D. Rands, of the Bureau of Plant Industry. 

8 Brandss, £. W. ARTIFICIAL ARD iNSRqr TRANSMISSION OF SVGARCANK MOSAIC. Jour. Agr. Research 10 
131-138. 1920. 

* Ingram, J. W., and Summers. E. M. transmission of sugarcane mosaic by the rusty plum aphid, 
RYSTERONSUBA 8ETABIAE. Jour. Agr. Research 62: 879-887. KKlft. 
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ATTEMPTED TRANSFERS FROM MOSAIC SUGARCANE TO 
HEALTHY SUGARCANE 

Parallel experiments were conducted in which Toxoptera graminum 
was compared with Aphis maidis, which still appears to be the most 
efficient vector of sugarcane mosaic. Since Co. 281 is one of the gen¬ 
erally planted varieties stiffering serious injury from mosaic in 
Louisiana, it was used in these experiments. 

Single bud cuttings of mosaic cane, to be used as a source of inocu¬ 
lum, and pedigreed healthy cane were planted in 4-inch pots of 
sterilized soil, sprouted in incubators, and held in an insect-proof 
greenhouse until ready for use. When they were from 3 to 6 inches 
high, the mosaic plants were transferred to cloth and glass insect- 
proof cages in the msectary. These cages were either 15 by 28 by 49 
or 10 by 30 by 49 inches high. Aphids were collected from nonmosaic 
host plants and placed on the mosaic plants at the rate of about 50 
per plant. Separate cages were maintained for each species of a])liid. 
Thirty viruliferous aphids were transferred to each healthy cane plant 
24 to 26 hours later, and these plants were then placed in inscctary 
cages of the type just described. In from 5 to 7 days these plants were 
fumigated. Check jilants were given the same treatment except for 
the absence of aphids from the cages. 

Table I.-— Summary of mosatc-trantimission experiments wtlh Toxoptera graminum 

and Aphis matdis in 1936 


JDate of transfer of insects 


Apr. 8. 

Apr. 15--- 

Apr. 27-- 

Apr. 20- - 

Mayl-_. . 

May 4. 

May 6. 

May 8.-.-. 

May 29.. 

June 2.. 


Species of aphid used 


I T. graminum .. 

A, maidts . 

Check. 

T graminum.. 

) T. graminum . 

A maidts. . 

Check.- 

I T. graminum ... 

A.maidis . - . 

Check.- -J 

I T graminum . . . 

A. maidis . .- 

Check.. 

I T. graminum . 

A. maidis... ..- 

Check__-. 

I T. graminum .. 

A. maidis . 

Check... 

/7’ graminum . . 

tChet^k___ 

I T. graminum ... 

A. maidis ... 

Check.. 

) T. graminum . 

A. maidts . 

Check. 


IJeolthy 

Healthy 

plants 

(dunts 

develop- 

used 

ing 


irosaic 

Number 

Nv mher 

32 

4 

23 

4 

7 

0 

2 

0 

10 

1 

6 

2 

6 

0 

23 

2 

21 

8 

6 

0 

28 

4 

. 32 

20 

10 

0 

15 

4 


3 

7 1 

0 

28 1 

2 

n 

1 

6 i 

0 

2H 

3 

15 

0 

1 

0 

8 

1 

7 

0 

5 

1 

6 

1 

7 

0 


Period of exposure before 
mosaic symptoms ap- 
jieared 


Days 

15 (2), 19 (2) > 
14. 17 (2), 26 


18 . 

12 and 14 
10 and 12. 

12, 14 (2), 16, 19. 21, 26, 64. 
14 (3) and 27 

13 (3), 14 (7), 16 (4), 18. 
20 (3), 22, 25 

11, 16 (2). 21 
16, 46 (2) 

19 and 45. 

45. 

17 and 83 (2). 


14. 

14 


1 Numbers in parentheses indicate the number of plants tikit developed mosaic after the number of 
days that ore given immediately preceding the parentheses. 

Immediately after fumigation all plants with the surrounding soil 
were transferred to flats in the gremhouse, where they remained 
located on ant-proof benches until discarded. No aphids were found 
in the greenhouse, although frequent examinations were made. Plants 
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were examined at daily or, in some cases, 2-day intervals, for the first 
appearance of mosaic symptoms. The plants were given a liberal 
application of nitrogen fertilizer and kept under as favorable growing 
conditions as possible. All plants used in a given experiment were 
derived from the same source, were of the same age, and were grown 
under similar conditions. 

The results of these experiments are shown in table 1. It may be 
noted that there were 21 mosaic transfers to originally healthy cane 
in the 172 plants exposed to viruliferous Toxoj)tera graminum^ as com¬ 
pared with 40 out of 124 healthy plants similarly infested with Aphis 
maidis in parallel experiments. No mosaic appeared in the 70 check 
plants or in any plants of similar origin growing in the greenhouse in 
other experiments. 

ATTEMPTED TRANSFERS FROM MOSAIC CRABGRASS TO 
HEALTHY SUGARCANE 

Crabgrass is the most abundant of the grasses that show symptoms 
of mosaic in sugarcane fields. Since Toxoptera graminum Kas often 
been found in large miinbcrs on this grass, a few experiments were 
conducted to determine whether this aphid is capable of transferring 
mosaic from crabgrass to sugarcane. Experiments were conducted in 
cages as in previous tests. 

In an experiment begun on July 29, 30 individuals of Toxoptera 
graminum from mosaic crabgrass were transferred to each of 36 
healthy plants of P. O. J, 234 sugarcane. Seven days later the in¬ 
fested plants were fumigated. No live aphids were observed on the 
plants prior to fumigation; they had died soon after being transferred 
as a result of parasitization and high temperatures. There was no 
transfer of mosaic. 

On August 10, 30 Toxoptera graminum aphids from crabgrass were 
transferred to each of 14 healthy plants of P. O. J. 234 sugarcane. 
Althougli the aphids died soon after the transfer, one plant showed 
mosaic 18 days after exposure to aphids. None of the 14 parallel 
check plants, given similar treatment except for exposure to aphids, 
developed mosaic. 

On July 31, 30 individuals of Toxoptera graminum were transferred 
from mosaic crabgrass to each of 4 healthy crabgrass plants. The 
plants were fumigated 5 days later. None of these plants developed 
mosaic. 

DISCUSSION AND CONCLUSIONS 

In experiments conducted in 1936 Toxoptera graminum transferred 
mosaic from diseased to healthy sugarcane plants in 21 cases. These 
transfers, together with 2 transfers obtained in 1935 and previously 
reported and 1 from mosaic crabgrass, make a total of 24 transfers of 
mosaic to healthy sugarcane by this aphid. This establishes T. 
graminum as a vector of sugarcane mosaic. 

From results reported here it is calculated that 12 percent of the 
healthy plants developed mosaic when infested with viruliferous 
I'oxoptera graminum ^ and 32 percent developed mosaic when infested 
with Aphis maidis in parallel experiments. On the basis of these 
limited observations and of insec^opulation counts in and around 
sugarcane fields, it appears that T, graminum is of less importance 
than A, maidis as a vector of sugarcane mosaic. 
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Proof of mosaic transfer by the green bug is important, however, 
since it gives a third known insect vector of this disease in Louisiana. 
The time required for the appearance of mosaic symptoms, as seen from 
data given in the table, was about the same with Aphis maidis and 
Toxoptera graminum. Although the data on this point are limited 
and therefore not conclusive, such similarity would be expected, since 
both species ordinarily feed in the same place, that is, in the central 
whorl of the plant. 

The discovery of tliis additional vector further complicates the 
problem of decreasing mosaic spread by means of vector control. 
Even though the green bug may not usually be a major agent in the 
spread of mosaic, it will have to be considered in any control program, 
because its increase in numbers under certain w^eather, host-plant, or 
other conditions may cause it to become an important vector of 
mosaic disease in sugarcane. 


SUMMARY 

Data reported in 1920 showed that tlie corn leaf aphid {Aphis 
maidis Fitch) was a vector of sugarcane mosaic. In 1936 the rusty 
plum aphid {Hysteroneura setariae (Thos.)) was shown to be a vector 
of the same disease, and two transfers of mosaic by the green bug 
{Toxoptera granunum Rond.) were reported. 

The green bug is fairly generally distributed throughout the world. 
It is found in nearly all parts of the United States, and causes heavy 
injury to small grains in the Mississippi River Valley. These aj)hi(ls 
feed upon various parts of sugarcane plants that are above ground 
and on a number of other grasses commonly found in and around 
sugarcane fields. 

In a series of experiments conducted during 1930, 30 Toxoptera 
graminum from infected sugarcane plants were transferred to each of 
172 healthy plants, and 21 of these developed mosai(‘. In a parallel 
experiment 40 of 124 healthy plants exposed to viruliferous Aphis 
maiMs developed mosaic symptoms. One transfer of the mosaic 
resulted from the green bug from infected crahgrass being colonized 
on healthy sugarcane. 

The data indicate that the green bug4s not, in general, so.important 
in field transfer of sugarcane mosaic as ^ either of the other two 
vectors, but that it may be the most important transfer agent in 
certain fields. 



A MOSAIC DISEASE OF CHINESE CABBAGE ^ 


By C'. M. Tompkins, assistant plant pathologist^ and H. Rex THo\fA,s, formerly 

gradvaie assistant m plant pathology^ California Agricultural Experiment 

Station ^ 

INTRODUCTION 

In October 1934, a mosaic disease of Chinese cabbage {BraHsicn 
pe-tmi Bailey) was observed in the northern part of the vSan Joaquin 
Valley and later in the Salinas Valley of California. Although natural 
infection in this and subsequent years varied from GO to 100 percent, 
negligible losses resulted and the heads usually attained marketable 
size. Preliminary^ mechanical inoculations to Chinese cabbage and 
certain other cruciferous test plants in the greenhouse were successful 
and indicated that this virus was apparently different from the 
cauliflower mosaic, annual stock mosaic, and cabbage black ring 
viruses previously reported from this State f/f, 12, 13)/ In addition 
to presenting the re'sults of studies of the disease, this paper briefly 
compares the Chinese cabbage mosaic virus with certain other crucifer 
viruses. 

REVIEW OF LITERATURE 

Apparently the first published record of a mosaic*, disease on Chinese 
cabbage was contributed by Schultz (9) in 1921. He noted that 
infected plants w'ere dwTirfed, with mottled, ruffled, and distorted 
leaves. Mustard {B. japonica Sicb.) and turnip (B. rapa L.) in 
nearby iu*eas wove similarly affected. By means of juice inoculations, 
he obtained intertransrnissioii between these hosts after 20 to 30 
days; symptoms developed in 12 to 30 days when infective green 
peach aphids wttc transferred to healthy plants. Simultaneously, 
Gardner and Kendrick (J) described a mosaic disease on turnip, and 
it seems highly probable that their virus was identical wdth that 
studied by Schultz (9). 

In 1924 Kunkel (7) found intracellular bodies in mosaic-diseased 
leaves of Chinese cabbage plants which had earlier been collected in 
Honolulu gardens. In a later communication,^ he stated that the 
disease ‘‘caused some distortion of leaves and stunting of the plants 
but W'as not particularly severe.'^ 

Under greenhouse temperatures ranging from 70° to 80° F., Clay^ton 
(/) determined that Chinese cabbage could be readily infected by 
juice inoculations with the rutabaga mosaic virus. The plants showed 
inconspicuous mottling, stunting, and streak symptoms. 

A mosaic disease of Chinese cabbage, turnip, and mustard was 
observed in Fukuoka, Japan, in 1927 by Takimoto (10). Crop losses 
frequently approached 30 percent. Characteristic symptoms con¬ 
sisted of dwarfed, rnottled, and deformed leaves. The virus was 
shown to be transmitted by means of aphids (species not given). 

' Received (or publioation Novernl>er 29,19B7; issued May J93R 

* The writers are indebted to Profs. Ralph E. Smith and M. W^ Gardner for advice and assi*»tanre and to 
Prof. B. A. Madson and W'. W. Mackie for provldinR greenhouse space and facilities Valuable assistan(x» 
in the greenhouse work was rendered by employees of the Federal W'orks Progress Administration. 

Reference is made by number (italic) to Literature Cited, p. fiW. 

* Letter dated December 20,1934, from L. O. Kunkel, Dwartment of Animal and Plant Pathology, The 
Rockefeller Institute for Mediral Reserreh, Prineeton, N. J 
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Cauliflower {Brassica oleracea L. var. botrytis L.) was infected by 
means of juice inoculations, but not cabbage {B, oleracea L. var. 
capitata L.) or radish {Raphanus satims h.). Since Gardner and 
Kendrick (5) were also unable to obtain infection of radish with the 
turnip mosaic virus, it is possible that the Japanese virus may be 
closely related to strains of the turnip virus found in the United States. 

Further references to the occurrence of a mosaic disease of Chinese 
cabbii^e in Japan were published in 1932 and 1933 by Fukushi U) 
and Hino (6*), respectively. 

Accordingly to Weber (14), a mosaic disease of Chinese cabbage 
is of minor importance in Florida, causing negligible losses. The 
identity of the virus was not mentioned. 

In Chinese gardens in Manila, P. I., 30 to 50 percent infection of 
Chinese cabbage plants was not unconmion, according to Fajardo (3), 

SYMPTOMS OF THE DISEASE 

As observed under greenhouse conditions, the first symptoms of 
the mosaic disease of Chinese cabbage consist of a pronounced sys¬ 
temic clearing of the veins, which generally commences at or near the 
base of the leaf and gradually spreads over the entire leaf (fig. 1, 
Aj B). After 3 to 4 weeks the early symptoms on the young, inner 
leaves commence to change gradually into a very conspicuous, coarse 
type of mottling (fig. 1, 6^, in marked contrast to hedthy leaves (fig. 
1, jD). The irregular, light- and dark-green areas between the veins, 
which give rise to the mottled appearance, cause little or no distor¬ 
tion of the leaf surfaces. Raised, dark-green islands on the leaves, 
which characterize the mosaic diseases of certain plants, were not 
observed on any of several thousand artificially-infected plants used 
during the coarse of these studies. Usually the older, outer leaves 
of infected plants continue to show^ clearing of the veins without 
other change, and this condition persists until they turn yellow and 
die. The disease causes a mild stunting of the entire plant, wdiich 
may not be apparent, however, if infection occurs late. 

MATERIALS AND METHODS 

The Chinese cabbage mosaic virus which was used in the experi¬ 
mental studies originated from a mature, systemically infected Chinese 
cabbage plant giown in the Salinas Valley. After the virus had been 
established on yoiuig Chinese cabbage plants in the greenhouse by 
mechanical inoculation, successive transfers were made to healthy 
seedlings at frequent intervals in order to provide a constant source 
of fresh inoculum. 

Temperatures in the greenhouse in which these tests were conducted 
ranged from 13° to C. The methods followed were essentially 
those described in a recent paper (1^). Mechanical inoculations were 
made by dusting the leaves with powdered carborundum (600 mesh) 
and rubbing lightly with a piece of cotton soaked with the juice from 
a diseased plant. 

Chinese pe-tsai cabbage seedlings, four to six leaves, served as test 
plants for both property studies and recovery of the virus. The 
experimental host range of the virus was determined by means of 
mechanical inoculations in the greenhouse. 
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TRANSMISSION 

Preliminary inoculations of Chinese cabbage by rubbing the leaves 
with expressed juice gave approximately 50-percent infection. Further 
tests resulted in 100 percent infection when carborundum {8) supple- 
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Studies on insect transmission of this disease involved the use of 
the cabbage aphid {Brericoryne brassicae (L.)) and the green peach 
apliid {Myzus perskas (Sulzer)), both of which, according to Essig 
(j^), breed naturally on cabbage, cauliflow^er, and other cultivated and 
wild cruciferous plants. Schultz (9) transmitted the crucifer virus with 
which he worked to Chinese cabbage by means of the green peach 
aphid only. 

Noninfective cabbage and green peach aphids ® were colonized on 
healthy cauliflower and sugar-beet (Beta tndgaris Tu,) plants under 
cloth cages in the greenhouse. Wlien the population had increased 
sufficiently, detached leaves with aphids were placed on diseased 
Chinese cabbage plants under cages to permit of natural migration. 
After the aphids had fed for 24 to 48 hours, transfers in lots of approxi¬ 
mately 20 infective aphids each were made to individual, healthy 
Chinese cabbage seedlings, as outlined above. Chinese cabbage seed¬ 
lings infested with noninfective aphids served as controls, plus a 
number of noninoculated plants which were free from aphids. 

In all, 60 Chinese cabbage seedlings were tested with infective 
cabbage aphids, of which 56 showed typical sym])toms of the disease 
within 14 to 23 days. Of 20 plants tested with infective preen peach 
aphids, 17 became diseased after 17 to 23 days. The virus was re¬ 
covered from all infected plants by the carborundum method. All 
controls remained healthy. 

Tests for seed transmission were limited to seed obtained from 19 
diseased Chinese cabbage plants w^hich had previously been inocu¬ 
lated by mechanical moans in the greenhouse. Seeds w^ere planted 
in a flat of autoclaved soil. After 21 days, 477 plants were examined, 
all of which were healthy, indicating that the virus is probably not 
carried in the seed. Schultz {9) ]>lanted mustard seed derived from 
mosaic mustard plants.and concluded that there w^as no evidence of 
seed transmission. 

SUSCEPTIBILITY OF CHINESE CABBAGE VARIETIES TO ARTIFICIAL 

INFECTION 

Young seedlings of the following vQp’ieties of Chinese cabbage were 
tested by mechanical inoculation in the greenhouse to determine their 
susceptibility to infection: Chinese pe-tsai (several strains), Chinese 
Chicken, Chinese Chihli, and three Japanese selections of pe-tsai 
(Hootooren, Nagasaki Hakusai, and Tsuzita Hakusai). A suitable^ 
number of plants of each variety was reserved for controls. All 
varieties proved highly susceptible and the incubation period for each 
was wdthin the limits of 13 to 22 days. 

EXPERIMENTAL HOST RANGE 

Inoculation tests indicate that the virus becomes systemic only in 
cruciferous plants, though local lesions were produced on two species 
of the Solanaceae (table 1). A brief description of the symptoms 
produced on each host is given in table 1, and characteristic symptoms 
on different hosts are shown in figures 2, B, C, Z>, and figure 5, A. 


* Aphids identified by B. 0. Essig, as noninfective cabbage and green peach aphids, were kindly supplied 
by H. H. Severin and J. H. Freitag, Division of Entomology and Parasitology. 
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Tablk \—-PlanlH susceptible to the Chinese cabbage mosaic virus, as indicated by 
mechanical inoculation of greenhouse-grown seedlings^ and symptoms charac¬ 
teristic of injection 


Jh aiuih 


( riKifei u 


Sol inaco 10 


spec ICS and common name 


hra^Hua olerana h \ar bnfryttf^ h (caiili 
[lower ^unot^ J^obrimry) 
fi alftacea L \ai aipitata L (t ibbtiKO 
vai "W inter [’’oliiia) 

B napus L fiajH*) 

B rapa L Utirnip \8r Pniple Top 
M lute (llobe) 

Afu(thn)/a bnonus IX' fe\ening stented 
stock) 

A/ iniaiuiH Br \ ir ariniya Voss (annual 
slock \ ir F leiv Blood Red) 

Lunnna annnu li (honeslv) 

MaUomui mnniimu R Br (Virginian 
sto( k > 

Bnphanus lafutn Jj (nidisFi \ar White 
Icic Ic*) 

\Capitella harm pa^tonn (L ) Medic (shop 
heids-puiso) 

B adprtsm Boiss 

B nrun^t^f (l^ ) Kt/e (chtilooki 
[ \i(nttaua gliUiiiostt I 


l]\ tabaannl^ itobicco \ ir Turkish) 


Symptoms produced 


systemic Numerous chloiotu lings, Fiest 
seen by tiunsinitted light 
Systemic \oty toarse, yellowish \ein 
banding 

Systemic ( oarse mottling 
systeniK J?me type of \ein cleanng and 
mottling 

Systemic C'oarsf mottling with maiked 
chlorosis and ro&ettmg of the terniimil 
grow th 

Systemic l«ine Ivpe of mottling lud flower 
lireakiiig 

systemic V ein (leaiing 
Do 

systemic \ ein dealing and mottling 
Systemic Mottling 

Systemic dhlorotiLfing pattern, producing 
somewhat of a mottled effect 
'Systemic \ oin c leariiig 
Not systemic symptoms on inoculated 
leayes only, consisting of numerous chlo¬ 
rotic rings 

Not systemic symptoms cm inoculated 
leiyes only consistinc of numerous clilo- 
rotic rings with dark green edges 


riisiipcossful attempts were made to transmit the virus to 54 species 
of plants representing 4() genera in 27 families, as iollows: Corn {Zea 
mags L.) var. (lolden Bantam; oat (Arena satira L.); rhubarb (Rheum 
rhaponitcurn L ); lambsquarters or white pigweed (Chenopodium 
album L.); sow bane or nettle leaf goosefoot (Chenopodium murale L.); 
spinach (Spinacia oUtacea Jj.) var. Bloomsdalc; sweet-william 
(Dianthus barbatus L); babysbreath ((hjp^ophila paniculata L.); 
rocket larkspur {Delphinium ajacis L); hyprid delphinium (D. cal- 
tofum Voss) Blackmore & Langdon strain; Iceland poppy (Paparer 
nudicaule L.); oriental popp.y (P. orientale L); Bras'^ica integrifolia 
(). E. Schulz var. cheralleti R. Porteres; leaf or Ciiinese mustard (B, 
juncea Coss); white mustard (H, alba (L.) Boiss.); mignonette (Reseda 
odorata L.); Geum chiloense Ball).; garden pea (Pisum sativum 
L.) var. Alderman; broadboan (Vidafaho L.); storksbill (Pelargonium 
zonale Willd.); garden nasturtium (Tropaeolum maju^ L.); castor-bean 
(Ricinu^ communis L.); pansy (Viola tricolor L); fibrous-rooted 
begonia (Begonia semperjlorens Link and Otto); Clarkia elegans Dough; 
Oodetia grandijlora LindJ.; celery (Apium graveolens L.) var. (xolden 
Self Blanching; forget-me-not (Mypsoiis alpestris Schmidt); common 
heliotrope (fieliotropium peruvianmn L.); garden verbena (I'erbena 
hybrida Voss); flowering sage (Salvia farinacea Benth.); Solanum avi- 
culare Forst.; potato (S. tuberosum L.) var. Katahdiii; tomato (Lyco- 
spersievm escuientum Mill. var. vulgare Bailey) var. Early Santa Clara 
Canner; currant tomato (i. pimpinellifolium Dunal); Nicotiana 
langsdorffii Weinm.; jirnsonweed (I)atura stramonium L.); petunia 
(Petunia hybrida Hort.); snapdragon (Antirrhinum majus L.); beard- 
tongue (PeThtstemon barbatus I\utt.); moimiing bride (Scabiosa 
atropurpurea L.); cucumber (Cucumis sativus Ij,)\ canterbury-bells 
(Campanula medium L.); lobelia (Lobelia hybrida Hort.); dandelion 
(Taraxacum officinale Weber); head lettuce (Laeiuca satira L. var. 
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ca^itata Hort.) var. New York and Tom Thumb; annual marguerite 
(Vhrysanthemum coronarium L.); China-aster (Callistephus chinensis 
Nees) var. Giant Branching 'Wliite, wilt-resistant; English daisy 



FitiUBE 2.—Symptoms produced by the Chinese cabbage mosaic virus on leaves of certain planes by me¬ 
chanical inoculation in the greenhouse at 13® to 19® O.; A, Winter Colma cabbage; B, February cauli¬ 
flower; C, White Icicle radish; D, Nicotiana gtutinoBa, 


{Beilis perennis L.); African marigold {Tagetes erecia L.); French mari¬ 
gold (2; patula L.); Gaillardia pulchella Foug. var. picta Gray ; winter 
Oifipe-marigold {Dimorphotheca aurantima DC.); and cineraria 
(Senecio ermntus DC.). 
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PROPERTIES OF THE VIRUS 

In table 2, the results of property studies of the Chinese cabbage 
mosaic virus are given. All virus samples, consisting of 2 cc of undi¬ 
luted juice from diseased plants, were contained in small, stoppered, 
thin-walled test tubes. For longevity tests, virus samples were stored 
at a constant temperature of 22° C. The virus retained its infectivity 
for 72 hours but was inactivated after 96 hours. The inactivation 
temperature lies between 73° and 75° for 10-minute exposure, which 
closely approaches that established for the cauliflower mosaic virus 
{12). Infection was obtained when the virus was diluted to 1 to 5,000, 
but liigher dilutions inactivated it. In each of the three tests, 25 
noninoculated plants served as controls, and they continued healthy 
throughout. 

Tabi.e 2. — Longevity in vitro^ inactivation temperaturey and tolerance to dilution of 
the Chinese cabbage mosaic virus 

[25 plants inoculated in 5 trials in each case] 


LONGEVITY IN VITRO. 22® C. 


Aged 

(hours) 

Trials 

Plants 

inocu¬ 

lated 

I’lants 

infected 

Aged 

(hours! 

Trials 

Plants 

inocu¬ 

lated 

Plants 

infected 


Number 

Number 

Nil mber 


Number 

Number 

Number 

0 

5 

25 

21 

72 

5 

25 

3 

4 

5 

25 

10 

\m 

5 

25 

0 

8 

5 

25 

H 

120 

5 

25 

0 

24 

5 

25 

14 

144 

5 

25 

0 

48 

r, 

25 

H 

108 

5 

25 

0 


1NA(’T1VAT10N TEMPERATURE (10 MINUTE.^) 


7'eniper- 

'I'rials 

i’lants 


1 

Temiier- 

Trials 

Plants 


uture 

(®r ) 

inocu- 

lRte<l 

iiifeeled 

aturc 

(®r ) 

inocu¬ 

lated 

infected 


Number 

Number 

Number 


Number 

Number 

Numbtr 

50 

6 

25 

25 

73 

5 

25 

8 

55 

5 

25 

25 

75 

5 

25 

1 0 

fiO 

5 

25 

25 

80 

5 

25 

0 

0.5 

5 

25 

10 

(U 

5 

25 

25 

70 

5 

25 

14 







TOLERANCE TO DILUTION 



Dilution 

Trials 

Plants 

inocu¬ 

lated 

Plants 

infected 

Dilution 

Trials 

Plants 

inocu¬ 

lated 

Plants 

infected 


Number 

Number 

Number 


Number 

Number 

Numbf'^ 

0 

5 

25 

24 

1 2000 

5 

25 

2 

1.10 

5 

25 

22 

1 3000 

5 

25 

2 

1:25 

i ^ 

25 

15 

1.4000 

5 

25 

2 

MOO 

5 

25 

12 

1:5000 

5 

25 

1 

1:200 

5 

25 

6 

1 0000 

5 

25 

0 

1.500 

5 

25 

4 

1:7000 

5 

25 

0 

1:1000 

5 

25 

2 

1.8(K)0 

5 

25 

0 


i Not treated. 
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DESCRIPTION OF THE CHINESE CABBAGE MOSAIC VIRUS 

Transmitted in greenhouse teats by means of Brevicoryne brassicae (L.) and 
Myzus persicae (Sulzer). Trai^smissible by mechanical inoculation with expressed 
kuce, with or without powdered carborundum. Incubation period 13 to 22 days. 
Resistance to aging in vitro between 3 and 4 days. Inactivation temperature 
bet'ween 73° and 75° for lO-rninutc exposure. Tolerance to dilution approxi¬ 
mately 1 to 5,000. Chinese caV>bage {Hrassica pe-tsai Bailey) and certain other 
vegetable and ornamental crucifers susceptible. On Chinese cabbage, symptoms 
consist of slight stunting of the plant; vein clearing followed by mottling, witli 
but slight distortion of leaves and no necrotic lesions or midrib curvature. Local 
lesions produced on Nicotian a tabacum L. and N, gluiinosa L. but not on N. 
langadorffii Weinm. 

COMPARISON OF THE CHINESE CABBAGE MOSAIC VIRUS WITH 
CERTAIN OTHER CRUCIFER VIRUSES 

In the course of these studies, the Chinese cabbage mosaic virus 
was compared witli the cauliflower mosaic and turnip mosaic (from 
New York) viruses (Hi) for symptom expression by means of parallel 



Fiovre 3.—Symptoms produf'ed by the cauliflower mosau* virus on leaves of rhmese (•abl)ftt?e by mcohan- 
ural inoculation in the greenhouse at 13° to 19° C. .'1, Leaf distortion and cuivatiire of the midrib are 
charfliCtenstic elTects; B, stunting of the plant. 

mechanical inoculations made simultaneously to Chinese cabbage, 
Winter Colnia cabbage, February cauliflower, and Purple Top White 
Globe turnip seedlings in the greenhoxfse. 

On Chinese cabbage, the symptoms .produced by the Chinese 
cabbage mosaic virus have been described. The cauliflower mosaic 
virus causes systemic infection after 20 days, the symptoms consist¬ 
ing of a conspicuous clearing of the veiils which in the early stages 
cannot be distinguished from the vein-clearing symptom characteristic 
of the early effects of the Chinese cabbage mosaic virus. Within a 
few days, however, vein clearing is supplemented by curvature of 
the midrib, with considerable distortion and ruffling of the leaf 
(fig. 3, A). Vein clearing permits as the leaves become older, but 
no instances of mottlinig were observed. The entire plant is severely 
stunted (fig. 3, i?). These symptoms are specific to the cauliflower 
mosaic virus and as such offer a ready means of identification. 

Systemic infection of Chinese cabbage plants with the turnip mosaic 
virus occurred 21 days after inoculation. Symptoms were most 
pronoimced on the outer or older leaves of the plant and consisted of 
a coarse, yellowish type of vein banding (fig. 4). Since Schultz (9) 
observed mosaic mottling on infected Chinese cabbage plants in both 
the field and greenhouse, rather than vein clearing as observed by 
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the writers, the existence of strains of the turnip mosaic virus is 
indicated. 


On Winter Colma cabbage, the symptoms produced by the Chinese 
cabbage mosaic virus consisted of a very coarse, yellowish, vein band¬ 
ing (fig. 2, A). The cauliflower mosaic virus caused vein clearing only 
(12yjig. Sy O, while the turnip mosaic virus from NeW' York induced 
light-green to yellow lesions whose edges finally became necrotic 
[12, Jig, 5y A). C^abbage proved to be an excellent differential host. 

On February cauliflower, the Chinese cabbage mosaic virus causes 
systemic infection, consisting of scattered chlorotic rings with dark- 
green centers. These 


rings, with an average 
diameter of one-eighth 
of an inch, do not be¬ 
come necrotic with 
age and, being barely 
discernible, are bcsl 
viewed by means of 
transmitted light (fig. 
2, B). The symptoms 
produced by the cauli- 
flow er mosaic virus on 
this host consist of 
vein clearing, followed 
by vein banding, 
mottling, and necrotic 
lesions {12, Jig. 1, -1, 
B, C). Although the 
turnip mosaic virus 
also produced a chlo¬ 
rotic green to yellow 
ring pattern on cauli¬ 
flower {12, Jig. o, B), 
the lesions cannot be 
confused with those 
caused by the Chinese 
cabbage mosaic virus. 
Tiie latter do not turn 
yellow'^ and are much 
more difluse (fig. 2,B). 



Purple Top \\ hitt. Figuke 4.--Synipt.oms produced bv a turniu mosaic from New 
Cilobe turnin seedluis?s York on leaves of Chinese cabbaRc by inechanical inoculation in the 
proved to be tlie best greenhouse at 13° to 19° C , showiiiR coarse, yellow vein banding 

differential host for ready separation of the three viruses on the basis 
of symptoms. The Chuiese cabbage mosaic virus caused systemic 
vein clearing after 20 days, followed by a very flue type of mottling 
(fig. 5, A). The cauliflower mosaic virus caused vem clearing bnt no 
mottlmg {!£). A very coarse, contrastive type of mottling, accom¬ 
panied by leaf ruffling and raised areas or dark-green blisters (fig. 5, B) 
characterized infection by the turnip mosaic virus. 

A comparison of the three viruses as to properties cannot be made 
since no data, are yet available for the turnip mosaic virus from New 
York. If the Chinese cabbage mosaic virus is compared with the 
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cauliflower mosaic virus (12), it will be observed that the longevity 
in vitro of the former is 3 days as against 15 days for the latter; the 
inactivation temperatures tend to approach each other. A dilution 
tolerance of 1 to 5,000 was obtained for the Chinese cabbage mosaic 
virus as compared to 1 to 2,000 for the cauliflower mosaic virus. 



Figure .'5.— Symptoms produc*o(i on leaves of Purple Top White (llobe turnip by meohamcal inoculation m 
the greenhouse at 1.1® to 19® C.: A, By the Chinese cabbage mosaic virus, which iiuliices vein clearing an<l 
mottling; by a turnip virus from New York which causes a coarse, bold mottle 

SUMMARY 

A mosaic disease of Chinese cabbage (Brassica pe-Uai)^ prevalent 
in centra] California during the fall afid winter months, is described. 

The symptoms of the disease consist of a systemic clearing of the 
veins, followed by general mottling, with little or no distortion of the 
leaves. 

In the greenhouse, transmission of the virus was obtained by me¬ 
chanical inoculation with carborundum and also by means of the 
cabbage aphid (Brevicoryne brassicae) and the green peach aphid 
(Myzus 'persicae). Seed transmission tests gave negative results. 

The virus was infectious after storage for ,3 days at 22® C.; after a 
10-minute treatment in a water bath at 73®; and after being diluted 
1 to 5,000. ' 

Local lesions were obtained on Nicotians glutinosa and iV. tabacum, 
but aside from these the host range was confined to the family Cruci- 
ferae. 

Considered as to symptoms, the Chinese cabbage mosaic, cauli¬ 
flower mosaic, and turnip mosaic viruses can easily be differentiated 
on Chinese cabbage, Winter Colma cabbage, and Purple Top White 
Globe turnip. 
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EVALUATION OF SOME SOIL FUNGICIDES BY LABORA¬ 
TORY TESTS WITH PHYMATOTRICHUM OMNIVORUM' 

By Walter N. Ezekiel® 

Plant pathologiaif Division of Plant Pathology and Physiology, 

Texas Agricnltural Experiment Station 

INTRODUCTION 

Eradication of root rot, caused by Phyrnatotrichum omnworuin 
(Shear) Duggar, by chemical treatment of tlie soil is attended by 
special difficulties. So far as is now known, P. omnworum passes no 
essential portion of its life history above ground. It spreads from 
plant to plant by growing from root to root. Infected roots may be 
located from a few inches to 8 or more feet underground (50).^ There¬ 
fore, to have any markc'd value in eradicating the fungus, a fungicide 
should bo able to operate at much greater depths than materials used 
to treat diseases of seedlings or other diseases that are controlled at 
least in part by fungicidal treatment of the surface soil. Experience 
Jias ill fact shown that materials commonly used as soil fungicides are 
not effective in eradicating Phyinatotrichum root rot even from small 
experimental areas. This lias necessitated consideration of other ma¬ 
terials, including volatile materials capable of penetrating the soil. 
'File present i)apcr summarizes the laboratory phases of this work, 
which included development of methods for the evaluation of fungi¬ 
cides as to ability to permeate soil, as well as fungistatic and fungi¬ 
cidal effcctiveiK'ss. Field trials of some of these materials are reported 
in an accompanying paper (3). 

HISTORICAL REVIEW 

]Many workers with Phyniatotnchvm root rot have reporti^d tests of 
fungicides. Pammel (^6*) reported field-plot tests of various chemi¬ 
cals, Heavy losses from root rot occurred despite the treatments. 
Curtis (1) attempted to control root rot on alfalfa by application of 
salt and kerosene. 

King: (12, 13) reported that further spread of root rot, in small 
areas m which the disease had just started, had been prevented by 
soaking them to a depth of 4 feet with a solution of 1 })art of 40- 
percent formalin to 100 parts of water. Taubenhaus and Killough 
(31) found that 1 pint of formalin to 20 gallons of water, applied 2 
gallons per square foot, did not control root rot. In further studies 
by King and I^oomis (15), the edges of an active root rot area were 
treated with materials applied in UTigation water. Applications of 3 

* Received for publication July 14, 1937; issued May 1938. Contribution No. 407, Technical Series, Texas 

Agricultural Experiment Station. ^ , 

* The writer Is indebted to the late Dr. J. J. Taubenhaus, chief of the Division of Plant Pathology and 
Physiology, for advict^ in certain phases of this work; and to the Bayer-Seniesan Co., Inc., and the Roessler 
& Hasslacher Chemical Co. (now R, & H. Chemicals Department, E. I. du Pont de Nemours & Co.), for 
supplying many of the chemicals tested 

3 Reference Is made by number (italic) to literature Cited, p. f»76. 
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Washington, D. C. 15,1^8 
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acre-inches containing 1 percent of carbon disulphide did not greatly 
reduce root rot; but areas treated with a 2-percent solution of cresylic 
acid or a l-percent solution of formaldehyde showed only a few dead 
plants late in the season. King, Loomis, and Hope (10) found that 
sclerotia of the fungus were inactivated by 30 minutes^ exposure to 
solutions of more than 0.5 percent commercial formalin. Soil satu¬ 
rated with formaldehyde solutions inactivated sclerotia inserted 
therein; and the fungus was inactivated in sections of infected cotton 
roots exposed to the same soil within 4 days after the soil had been 
treated. Treatment of primary centers of infection with formalin 
was suggested by McNamara (17) as effective wlien tried early in 
the season. How^ever, Dana (4, S2) reported unsuccessful results 
from formaldehyde treatments in field plots. 

A lai^e-scale test of formaldehyde in a 5-acre infested area near 
Indio, Calif., was made by the United States Department of Agri¬ 
culture and the California Department of Agriculture. During May, 
June, and July, 1930, a 1.25-percent formalin solution was injected 
by pressure, at the rate of 1 gallon per cubic foot of soil, to a depth 
of G feet. The cntii’e area was treated, with injections made 1 foot 
apart and 6 gallons of solution introduced at each point. Infected 
roots and root fragments removed from this treated area 10 mojiths 
later were found by King and Hope (Jf4) to bo apparently dead. In 
1932 (20)^ however, root rot recurred in certain places in this area. 
The infested areas were treated again; but the disease again recurred 
in 1933, in small areas toward the center of the treated region. In 
1935 the disease again appeared in a very small spot, and this s})ot 
was again treated. Treatment of a second area, near Indian Wells, 
Calif., at the rate of 1 gallon per cubic foot of soil to a depth of 4 
feet, was apparently more successful (tO)^ 

Following the discovery of the sclerotia! stage of the root rot 
fuiiffus, Neal (5), King, Loomis, and Hope (10), and others have 
stuaied the toxic effect of various solutions on these bodies. King 
and Hope (14) found that fungicides effective against sclerotia 
or other separate portions of the fungus were not necessarily able to 
penetrate infected roots and kill the fungus inside such roots. Scler¬ 
otia installed inside small blocks made from the roots of plants and 
buried in soil were not killed by l^ter treatment of the soil with 
formaldehyde. 

Neal (21) and Neal, Wester, and Gunn (24y 25) have reported 
toxicity of ammonia, in solution or gaseous form, against mycelia 
as well as sclerotia of the root rot fungus, and have suggested the 
possible utilization of ammonia or ammonium compounds for its 
control. They stated that 6-percent solutions of ammonium hydrox¬ 
ide applied around large cotton plants in the field apparently killed 
the fungus in most cases, for when treated roots wove removed and 
observed for 5 days in moist chambers, Phymatotrichum grow^th 
developed from only one of the eight roots. In 1934, Streets (27) 
stated that heavy applications of ammonium sulphate or ammonium 
hydrate, diluted to a safe concentration with water, around infected 
deciduous fruit and nut trees, yielded some promising results. More 
recently, Neal and Gilbert (^3) have recommended dilute solutions 
(2 and 4 percent, respectively) of formaldehyde or ammonia water 
for eradication of root rot in small centers of infection or in areas 

* tjjformatian partly from tetters of Dr. D. G. Milbrath, dated April 26,1934, and November 2, X936. 
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to be planted to ornamentals or fruit trees. Neal and Collins (^2) 
have found an initial concentration of about 1,000 p. p. m. of ‘‘N as 
necessary to prevent growth from sclerotia in jars of soil. 

Several notes on the development of the methods described in the 
present paper and on the preliminary results obtained have been 
presented elsewhere (4, 5, 6, 7, 8), 

METHODS 

The tests were chiefly of two types: (1) Toxicity tests that allowed 
the materials to act on the fungus without the interposition of soil, 
and (2) tests of the materials in moist soil to determine their ability 
to penetrate soil. These latter tests were run by various modifica¬ 
tions of the soil-chamlrier or soil-culture technique. Jars or other 
containers were filled with unstcrilized moist soil, inoculum of the 
fungus was added, and growth observed through the glass walls of 
the container. ''Phis direct observation is possible because the cliar- 
acteristic strands of Phyniatotrichum otnnivorurn, grow to a greater 
extent along the glass-soil surface than into the soil. Only rarely 
was there any doubt as to the identity of the fungus growth, and 
in such cases the (X)ntainers were o])ened at the end of the experi- 
nuMit and id(uitilication checked by juicroscopic examination of the 
fungus. 

In preliminary ex])eriments set uj) in December 1928, mixtures of 
["spuliin, Semesan, and DuPont K-l-P with soil were placed in 
1-liter Erlenmeyer flasks, and naturally infected cotton roots were 
used as inoculum. A more convenient container for the tests was 
suggested later by the work of Dana (2) and the soil-chamber tests 
described in this ])aj)er wen* run in mason jars instead of in flasks. 

In most of the experiments, sclerotial masses were used as inoculum. 
These masses were' tak(‘n in all cases from cultures of Phipnatotrichvtn 
omidvorumf the writ(‘r’s strain No. 24. lairge masses produced on 
various synthetic media, (/0)werc removed from the flasks, assembled 
on moist filter paper in moist cham}>ers, and cut into cubes of aj)prox- 
imately 2 or 8 mm. The inoculum used for each point in each jar 
of a soil-chamber experiment consisted of scA^eral ])ortions from white, 
freshly produced sclerotial musses plus several portions from the 
older, buff or brown masses. The composite inocuiluiu for every 
point of inoculation in each jar of a given experiment was thus made 
directly comparable to the inoculum used in every other jar of the 
experiment. 

Growth starting from the sclerotial inoculum was obserA ed through 
the glass, the precise extent being determined with a hand len^^. 
Growth continued usually for about 5 to 7 days. Periodic examina¬ 
tions were made, usually after 7 and 14 days; and the longest growth 
(which was more uniform than the average radius of the colony) 
from each point of inoculation w^as noted, rather than the amount of 
grow^th wdthin a set period. These maximum figures were averaged 
to obtain the '^mean extent of growth” for each group of cultures as 
given in the tables. 

Particular procedures follow^od are described below*^ under the 
various experiments. For convenience, the results of each experi¬ 
ment are arranged with the more effective materials at the tops of 
the tables; this does not indicate the actual order of trial in the experi¬ 
ments. 
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SOILrCHAMBER TESTS OF FUNGICIDES MIXED MECHANICALLY 

INTO THE SOIL 

COMPARATIVE EFFECTIVENESS OF VARIOUS FUNGICIDES 

Soil-chamber method A has served to determine for materials 
that are not too volatile the concentration required in moist soil to 
inhibit Phymatotrichum growth. Weighed or measured amounts of 
the materials to be tested (calculated as parts per million of the air- 
dry soil weight) were added to weiglied quantities of air-dry Houston 
black clay surface soil, previously sifted through a )i-inch mesh wire 
sieve. (This soil type, which is highly favorable for growth of the 
root rot fungus and occurs in regions in wliich the disease is very 
destructive, was used also in further experiments.) The fungicide 
was mixed thoroughly into the dry soil by repeated mixing. Sufficient 
distilled water was added to furnish a final soil moisture of 25 percent 
on an air-dry soil-weight basis, and incorporated into the soil by fur¬ 
ther mixing. The moist soil mixture was then distributed in 900-g 
portions into 1-quart mason jars, usually three for each concentration 
of each fungicide tested. The soil in tlie jars was tamped gently into 
place. Sclerotial inoculum was added the same day or within 2 or 3 
days. Each jar was inoculated at two points, on opposite sides, with 
composite sclerotial inoculum. At each point the inoculum was 
inserted next to the glass w^all of the jar, 2 to 4 cm below the upiier 
surface of the soil mixture, and the soil firmed about it. The jars 
were covered with the regular mason jar lids, usually without the 
rubber rings. 

The results of two tyjiical ex])eriments by this method are given in 
table 1. Copper carbonate was the least effective of the materials 
tested. Both and No. 664 inhibited growth at 500 j). ]). m. 

Mercuric chloride was^ highly fungistatic and prevented all growth 
even at the lowest concentration, 50 p. p. in. 

Tahlk I.— Comparif^on of various fungicides when mixed into soil, />// method .1, 
using S jars for each concentration of each material, and, G check jars, each jar having 
been inoculated at places 


Meaii e\1 on(, of PhymatolTXch nw stran<1 
Rrovth^ from the inoculum, in jars wit-h fun- 
gicnles at conceiilratioii of*— 


Experiment and material tested 








100 

250 

500 

1.000 

Check. 


p p.m. 

p. p, m 

p.p Ill 

p p ni 

p. J) m. 


MilH- 

Milli- 

Afilli- 

Millt- 

Miia- 

Milli- 

Experiment (’ 4; 

rneters 

7iietFTH 

mdeis 

meters 

meters 

meters 

Seme.^jui (30 jiercent chlorophenol mcirury)_ 

4) 

20 

Tt 

0 

0 

... 

K“l-X (2 ijercent ethvl mercury chloride) _ _ 

31 

26 

17 

Tr, 

0 


No «64 (H percent nitrojihenol mercury).. . 

05 

71 

17 

Tr 

0 

... 

PM A (2.5 percent phenyl rncrcur.v acetate). 

29 

39 

21 

16 

Tr. 


Copiier carbonate - - - -_.... 

102 

96 

52 

92 

64 


None (check). — ... 





67 

E.\penment C-5: 

.i 

1 


t" ' 



Mercuric chloride... . . 

Bayer Special 100 X 3 (10 iiercent cliloroiihenol 

^! 

0 

0 

0 

0 


met cur >).. 

Bayer Special II-O X 5 (f» percent lutrophenol incr- 

30 

1 S 

Tr. 

0 

0 


cury). 

K-l-X (2 percent othjd mercury chloride). 

27 

14 

1 I"’ 

1 IS 

: Tr 1 

1 13 

0 

; IV 

0 

0 

- 

Sleroclde (4 percent mercury furfuramlde) - 

10 

1 19 

j 10 ’ 

, .pj. 

0 

i.rr 

Smuttox (4 percent o-vyinethylene), .. 

None (check) _... ..... 

25 

i 20 

I. 

1 40 

1 . ; 

j 25 

j i 

35 



I 

1 




1 Growth indicated aa Tr. consisted of very short, fuazy growth on the inoculum, less than 10 mni long, 
and not p^trating soil particles near the inoculum. 
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INITIAL ANP KKSUnJAL EFFKCITIVENKSS OF ORGANU: MERCURY COMPOUNDS 

The early laboratory results with the or^auic iiiercurv coinj^ouiids 
were used in ])laniiin^ tield-plot tests of some of tliese materials for 
the control of root rot on col ton plants. Th(^ laboratory results iixli- 
cated that K- l-X, for example, might be slightly more effective than 
NTo. 064 (table 1). In the field trials, however, applications of K- l-X 
failed to liavc any efloct, while similar weights of No. 604 reduced the 
sjiread of root rot (^5, 29). The following experiment was planiu^d to 
determine whether this apparent <liscrepancy between laboratory and 
field results might be explained by differences between the initial and 
the later effectiveness of the materials after contact with moist soil. 

The experiment was set up by nietliod A and grow^th from the 
inoculum was recorded as usual. After 3 weeks, however, the sclero- 
tial inoculum was removed from the jars. The soil was made up to 
original weight with distilled water, mixed thoroughly, and placed in 
new^ jars. A second set of sclerotial inoculum, wdiich was inserted in 
these new jars, w^as exposed to the residual inhibiting efiect of the 
various fungicides which had now^ been in contact wdth the soil for 5 
weeks. The results of both tests are summarized in table 2. 


Tatu.e 2.- Initial and residual efficiency of various fungicides when mixed into soil 
by method A, experiment tT, using d jars for each concentration of each material 
and 6 check jars, each jar having been inoculated at 2 places 




StMiiesan (DiiTtaj) (30 pprooiil (‘hloio]>henol luoicury) 


DuRiiy f)<U (14 perc<<nt iiitroplienol mercury) 


1 )uBay (2 percent ethj 1 mercury arscntite). 


DuBay 971~-A C‘J jiorcenf ethyl mercury phosfjhate) 


K-1 -X (2 percent ethyl mercury chlorKle) 


PXTA (2,5 i)ercent j)henyl mercury acetate). 


Formaldehyde, U. S. P. 


Gasoline (commercial) 
None (checks). 


I Monn extent of 


('tmeentja- 
Ijon It) the 

Phymtifoinchtini 

strand 

1 in - 

jp-owth 1 

soil 



1 Iiiitml 

~*l'esfafter 


{ test 

5 w’ceks 

Partfi ficr 


MiUi- ' 

mittwii 

1 rnefem 

vnetns 

50 

; 40 

50 

100 

30 

40 

250 

Tr 

0 

500 

0 

0 

, l.tMH) 

0 

0 

5t) 

50 

52 

iOO 

4h 

0.3 

250 

10 

24 

500 

0 

0 

1. (M)0 

0 

0 

50 

77 

02 

too 

07 

30 

250 

ryj. 

4S 

500 

0 

5.5 


Tr 

0 

50 

70 

07 

100 


53 

250 

Tr 

41 

.5(K) 

0 

0.3 

l.tXX) 

0 

(J 

50 

77 

74 

lOlt 

05 

50 

250 

34 

91 

500 

0 

88 

3,(KK) 

0 

90 

50 

00 

79 

300 

m 

71 

250 

43 

00 

500 

41 

40 

3,000 

23 

23 

50 

JOH 

52 

100 

1 70 

46 

250 

90 

43 

5(X) 

4t) 

14 

1, (KH) 

77 

52 

5.000 

0 

59 

10,000 

0 

0 

1,000 

97 

68 

6,000 

0 

06 

10,000 

0 

0 


104 

OS 


> See footnote 1, table 1. 
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In the first test, the effectiveness of tlie various materials in inhibit¬ 
ing growth of Phymatotrichum was much as in previous experiments. 
In tlie second test growth was inliibited at the same concentrations 
as originally in the Semesan and No. (>(>4 mixtures only. The ethyl 
inercu]^ compounds were much less effective than in the first tests. 
K- l-X which in the first test had prevented Ph7j7natoirichurn growth 
completely at 500 p. p. m., in the final test did not impede giowth at 
1,000 p. p. m. Both 965“D and 971-A wore effective at 250 p. p. m. in 
the initial test, but ineffective at 500 p. p. m. in the final test. For¬ 
maldehyde anil gasoline also were markedly less effective in the final 
test. 

In the initial test, as in previous tests of fungistatic effectiveiiess 
of materials shortly after mixture with soil, the ethyl mercury materials 
in general were much more effective than would be expected from their 
actual mercury content as compared to that of chlorophenol and nitro- 
phenol mercury materials. But after exposure to the moist soil this 
liigh initial efficiency of the ethyl mercury materials had decreased; 
and the final, residual effectiveness correlated with tlie comparative 
concentration of mercury in the vaiious materials. These results 
explained the amounts of the materials found to be effective in the 
first field-plot trials, and suggested more satisfactory rates of applica¬ 
tion for later trials with ethyl mercury compounds. 

In several years of further field-plot trials with organic mercury 
compounds, repeated large additions of some of these ma terials greatly 
reduced the prevalence of root rot, but none was able to eradicate it 
29), Part of the difficulty with the mercurials was consiilered 
to be their failure to penetrate rapidly and deeply into the soil. In 
view also of the results reported at tfiis time by Weiss and Evinger 
{33) in the use of naphthalene and alpha-naphthol against Sclerotium 
rolfsiit it seemed advisable to extend tests of possible soil fungicides 
for use against root rot to include some more highly volatile materials 
that might penetrate the soil more effectively. Many of these ma¬ 
terials were not readily soluble in soil moisture and hence would not 
be fixed in solution in the particular soil layers in which they might 
be applied. 

SOIL-CHAMBER TESTS OF THE EFFECTIVENESS OF VOLATILE 

MATERIALS IN PENETRATING SOIL AND PREVENTING GROWTH 

OF PHYMATOTRICHUM OMNIVORUM 

A number of chlorinated hydrocarbons and other volatile materials 
were tested first by the following method, wliich indicated whether 
the materials could penetrate 2 to 4 cm through a standardized moist 
soil and then inhibit growth of the fungus from standardized sclerotial 
inoculum. 

Soil-chamber method B differed from method A in that the materials 
to be tested were not mixed mechanically with the soil but were placed 
on the surface of the soil after the inocmlum had been inserted in the 
jars. The quantity of material added was calculated as parts per 
million of the air-dry weight of soil in the jar. Liquid materials were 
poured rapidly directly on the soil surface; solid materials were placed 
m piles on the surface. The jar was then quickly sealed, using the 
ftibber ring. Duplicate jars were used for each concentration of each 
onateriU Rested, Each jai* was inoculated at two points, four sets of 
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inoculum thus bein^ exposed to each concentration. Four jars w(U‘<' 
used for the checks in each series. 

'J'able 3 .—Fungistatic effectiveness of various materials when placed on the surface 
of soil in soil chamhersy in preventing growth from sclerotial inocula located 2 to 4 
cm beloWy method li 


!Exi)erim6xit and material tested 


Exiwrimcnt C-8- a 

Pentaehlorethune. 

Diehlorethylene... 

Trichloret b y leiie. 

Perchlotethi leue... 

1 iicblormethauo_ . .. _ 

Acetone. ... . _ 

None (checks)_... . _ .. 

Experiment C 8-b; 

Xylene. . .. . 

Carbon disulphide.. 

Benzene.... ... 

Kerosene saturated witli paredichlorobeiizene 

Ethylene dichlonde... 

C'resjlic acid. 

Sulphur chloride... 

None (checks). 

Experiment C-9: 

Turinmline... 

Paradichlorobenzene. 

Ntiphthalene. 

Kerosene (commercial). 

('arbon tetrachloride. 

Iodine. . 

Hexamethylenetctraiuiue. 

Thymol. 

Aipliamaphthol... 

Petroleum (lubricating) oil. 

None (checks). 


Mean extent of Phyimtotrichum strand growth from 
the inocula in jars where materials were applied at 
the rate of— 


100 p. 

500 I). 

1,000 p. 

2,000 p. 

p. ra. 

p. m. 

p. ra. 

I), in. 

MiUi- 1 

1 Mtlli- 

MiUi' 

Milli- 

meters 

meters 

meters 

meters 

0 

0 

0 

i 

10 

0 

0 i 

1 0 

18 

0 

0 

i 


0 1 

1 0 1 

0 

70 

40 j 

i 

1 0 

58 

.S9| 

49 ; 

i 91 

' . . . 1 

0 i 

1 0 { 

0 

1 

; ' 

11 


0 

0 ; 

19 

1 0 

0 

, 0 1 

30 

0 

0 

0 ' 

40 

i 

0 

' 0 ' 

5(i 

, 25 

1 

; 19 

81 

1 .... ” 

1 85 

1 71 

0 

1 U 

! 0 

, 0 

0 

1 ^ 

i 

: 0 

0 

1 0 

! 0 

f 0 ' 

»») 

0 

; 0 

0 

94 8 

' 0 

0 

40 

! 31 

i 0 

0 

41 

: 09 

; 58 

; 31 

' 55 

i 31 

; 41 

, 43 

74 

j 79 

; 40 

1 M 

58 

i 55 

I... 

1 

_ . _ 

__ 

_ 

'_ _ 


Check 


Millh 

m€t€r9 


The results of three experiments b3" this method are listed in table 3, 
Pentachlorethaue, x\dene, carbon disulphide, turpentine, paradichloro- 
benzoTie, and napthaleiie completely inhibiU^l g:rowth from the sclero¬ 
tial inoculum, even at 100 p. p. m. Five other materials allowed 
grow th at this concentration but prevented it at higher concentrations. 
These materials seemed promising and wwe studied further, as de¬ 
scribed below. 

EFFECTIVENESS OF VOLATILE MATERIAI.S AFTER PENETRATING DIFFERENT 

DEPTHS IN THE SOIL 

Soil-chamber method C made it possible to determine the extent to 
wdiich volatile materials would penetrate moist soil for more consider¬ 
able distances, as shown by the effect on sclerotial inoculum in soil 
chambers. Method C was the same as method B, except that instead 
of using two sets of sclerotial inoculum toward the top of the jar. six 
sets were used, a pair toward the bottom, a pair toward the middle, 
and a pair toward the top. A diagram of this set-up is given in 
figure 1, A, 

In filling a jar, two masses of inoculum were placed on the bottom at 
opposite sides. Half of the soil (by weight) for the jar was added and 
compacted to the usual density. Two more masses of inoculum were 
then placed on this soil and next to opposite walls of the jar. Most 
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of the rest of the soil was then added and compacted, the final two 
masses of inoculum inserted, and finally the rcanaining soil added and 
compacted. After this set-up was complete, the niatcrial to be tested 
was placed on the surface, and the jar li<l sealed, using the rubber ring. 



Fioukk 1,—-Soil-chamber methods for testing iienetration of fungici<les through soil 1. Oiagram of 
set-up by method C. Fungus inoculum was inserted m soil at points mdlcaied by X marks as the Jars 
were filled, and fungicides were then applied on surface of soil. B, Diagram of set-up bv method J). 
Four glass tubes, capped with rubber tubing and glass rod, were installeil in the soil. The fungicides 
wereadded.andaftervarioits periods the Inoculum was pushed down the tubes to the |M>ints indicated, 
to determine residual fungistatic effectiveness. 


Table Ar -Fungistatic effectiveness of various materials, when placed on the surface 
of soil in soil chambers, in preventing growth from scUrohal inoculum located at 
different depths, method C 


Experiment and material tested 


Kates of 
application 


! .Mean extent of PhymaUUrich- 
nm strand grow th.‘ from— 


1 Upper I Middle | Bottom 
1 inoculumi inoculum inoculum 


Experiment C-lO. 

Fentachlorethu ue.. 

Pnrts per mttlion \ 

UK) to .1 

100to2,tKK). 1 

100 to 2 ,<KK) 

Carbon disulphide.... 

Turpentine. 

Paradichlorobenzene. 

1 (M» to 2.000 . 

n{%. 

Dichlormethane. 


Naphthalene flakes._ __ 

(l,O0Oand 2,(K)0 

100 . 

500 

None (checks).. . 

i.otio. 

2 ,(KiO. 

Experiment C~ll. 

Tetrachlorethane. 

100 to 2.000 

Xylene. 

100 to 2 ,WK 1 

Perchlorethylene.. 

100 to 2,(KK). 

100 to 2,000 

TrJchloretbylene. 

Dicbloretbylene. 

100 to 2 .(X )0 

Benzene_ 

flOO. 

Kerosene,__.. 3 _ 

1500 to 2,000 . 

jlOO. 

1500. 

None (checks). 

11,000 .. 

12,000 . 


Experiment C-14: 

Chloroform- 

flOO. 

Ether.. 

1500 to 2,000. 

flOO. 

600. 

None (checks)......... 

1,000 . 

2,000... 





Milh- AlUlh 

meters mefers 

0 0 

0 0 

U 0 

0 0 

:i3 ; 38 

n ! 7 

n 0 

0 ! u 

0 < ]0 

0 ! 6 

0 I () 

22 ! 27 


Miin 
mtU rs 

0 

0 

0 

0 

40 

0 

0 

12 

36 

24 

4 

29 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

18 

30 

0 

0 

10 

2:1 

0 

0 

0 

0 

0 

0 

33 

40 

66 

50 

0 

0 

61 

41 

66 

64 

41 

61 

Tr. 

Tr, 

49 

6i 1 


0 

0 

0 

0 

0 

2ft 

0 

85 

8 

5 

0 

89 

66 

0 

65 


Tr. 

68 


table 1. 

lese earperiments were all tested at tOO, 600, 1,000, and 2,000 parts per million. 
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The upper iiiocula were at an average depth of about 15 inin below 
the surface of the soil, the middle inocula at about 7!t mm, and ibe 
bottom inocula at about 134 mm. The various fungicides could 
prevent growth from the inoculum only after penetrating the soil to 
the depths mentioned. While such penetration through the moist soil 
materials in the jar would not prove that the fungicide would pene¬ 
trate soil in the field, lack of penetration would strongly indicate the 
improbability of such penetration through soil under natural conditions. 

Table 5.-' Fimgistaiic effeciiveneu of organic mercury compounds, formaldehyde 
and ammoniaf as compared to other materials when placed on the surface of soil in 
sml chambersf in preventing growth from sclerotial inoculum located at different 
depths, method C 


Mean extent of Phymaiatru'h- 
urn strand grow th, from - 


Exj>eni«ent iimi itmterial tested 

rxpeniiient f’ 12 

I’entarhloretljaiie.-- . -... 

X N lene ... 

I’anitl lehlorobenrene. 

DuBay 971-A (2 percent eth.\l mercurv phos¬ 
phate). 

Scinesun (30 percent cliloroi)hen<»l niercurj) . 
Formaldehyde (I 8. T. 37 percent).. 

Animoniii (NILOH, specific gru\ity, 0 90) 

None (checks). 

Exjieriment C-16. 

rt*nt4ichlorethaue. 

Ethyl ddoride....-. 

New Improved Ceresaii (5 percent ethyl mercury 
phosphate). 

DuBay 1153-A (2.5 percent ethyl merairy phos¬ 
phate). 

None (checks)-... 


I Rates of application! 


1 

T’pper 1 Middle 
inoculum; inoculum 

1 

Bottom 

inoeuluin 

1 J*urti( per mtUwii 

XfiUh 

vietm 

Millh 

inekrti 

AftUh 

meters 

if 100. 

0 

0 

0 

i 500 . 

0 

1) 

0 

' l.tHHL . .... .. 

0 

0 

0 

' 2.W)0 .. . 

0 

0 

0 

100. 

0 

0 

0 

1500 . 

0 

0 

0 

IlLOtK). 

u 

0 

0 

. 

n 

0 

0 

!fl(Xl. 

1 

0 

3 

\\m) . 

0 

0 

0 

•ll.tXJO. 

0 

0 

0 

il2,(HlU. 

0 

0 

0 

ijlOO . 

2^ 

2h 

40 

ilWKL.. 

23 

'Si 

24 

'h.mxL. 

15 

10 

14 

'I2.0(X). 

0 

0 

14 

illOO. 

2(> 

26 

33 

i|500 . 

36 


45 

. 

26 

.35 

TO 

; {2.(KI0 . 

0 

29 

M 

.j5<Xl. 

29 

2H 

! 39 

dl.lXXl.1 

26 

30 

' 39 

2,(X)0.. - 

2t'> 

31 

24 

lU.tXX). 1 

14 

26 

! 36 

!|5tX». j 

33 

1 34 : 

1 33 

!2.<XX1.' 

1 

i 49 ! 

1 43 

P5,«00. ! 

0 

, 31 

1 48 

; 110,1X30.’ 

0 

1 3 

i 40 

i 

50 

j 44 

1 

(too . 

0 

1 

1 0 , 

1 

.500. 

0 

1 0 

1 0 

^ 1,IKX). 

0 


! 

2,(XXI. 

0 i 

1 0 1 

1 0 

fllK). 

53 i 

; 56 i 

53 

500. 

3S 

' 36 i 

: 36 

'1,000.-. 

0 i 

1 0 i 

i 0 

12,000. 


1 i 

! 

fltX). 

45 ! 

03 1 

I 60 

5tX). 

« 1 

34 1 

48 

1,1X10 .. .. . 

i 

29 

61 

2,000.! 


i ” 

20 

flOO . i 

40 

' 50 

50 

500. 1 

H 

21 

.59 

1,000...1 

0 

31 

51 

2,000.1 

5 

20 

29 

iS 

49 1 

55 
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Tablb (>.—FungUtaiic effectivetieHU of noialUr quantities of certain materialSf when 
placed on the surface of soil in soil chambers, in preventing growth from sJerotial 
inoculum located at different depths, yncthod C, experiment C -i31 




Mean extent of Phymatotrith- 



um strand growth, from— 

Material tested 

Rates of application 







Middle 

Bottom 



inoouhiin 

inoculum 

inoculum 



Milli- 

Midi’ i 

Milli- 


Parts per milHmi 

mHers 

nutrrs 1 

meters 


f50. 

i ir» 

18 ' 

‘ 8 


75. 

0 

0 

0 

Industrial xylol... 

100. 

0 

0 

0 


500. 

0 

0 

0 


1,000. 

0 

0 

0 


2,0(K). 

0 

0 

0 


foO. 

0 

0 

0 


76... 

1 10 

121 

1 23 

Tetrachloretlmno... 

100. 

0 

(1 

0 


m) ... 

0 

0 

0 


1,(KK). 

0 

0 

0 


2,000. 

0 

0 

0 


(50... 

0 

0 

1) 


7.6. 

I 50 

49 

43 

Industrial gi^solitio... 

UK). 

40 

80 

31 


500. 

! 0 

0 

0 


1,<KK). 

0 

0 

0 


2,000. 

1 

: « 

0 

None (cheeks)______ 


41 

41 

39 



1 

1 i 



» P. omnivorum growth iii J of the 2 jars only. 


Throe experiments by this method are sunmiarized in table 4. Nine 
of the materials were highly efficient, even at the lowest rate of apjdi- 
cation, inhibiting growth from even the bottom inoculum. Naph¬ 
thalene prevented growth from the upper inoculum at 100 p. p. m., 
but was not completely effective apiiust the deep inoculum even at 
2,000 p. p. m. hither penetrated the soil evenly but was able to in¬ 
hibit rhymatotrichum development only when present at more than 
1,000 p. p. m., while chloroform was effective at concentrations above 
100 p, p. m. 

In two experiments, C~12 and 0-15 (table 5), organic mercury 
compounds, formaldehyde, and ammdhia were compared with other 
materials. In experiment C-12, the Semesan and DuBay 971-Adusts 
were placed in appropriate amounts on the surface of the soil. ^lore 
than half of the usual allotment of water for the soil of each jar hud 
been reserved from the original mixing and was now added slowly over 
a period of 3 hours. The water trickled down fairly rapidly through 
the loose soil in the jars, and carried with it portions of the austs. In 
experiment C-15, the New Improved Ceresan and DuBay 1163-A 
were merely placed on the moist surface soil, in the same w^ay as the 
other materials, and the tops of the jars were sealed immediately. 
The ethyl chloride was handled in a flask cooled in a freezing mixture 
and dispensed rapidly with a pipette cooled in liquid ethyl chloride 
in the flask. The jars were sealed immediately after the ethyl chloride 
was placed on the surface of the soil; nevertheless, some must have 
escaped. 

There were marked differences in the effectiveness of the various 
materials (table 5). Fentachlorethauo and xylene, even at the lowest 
rates of application, completely inhibited growth of Phymatotrichum 
from the bottom inoculum. Paradichlorobenzene was not completely 
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eirectivo at <Iic lowest r«te. Ktliyl chloride pciicirated the soil 
thoroughly but was e/lective only at concentrations above 500 p, p. in. 
All the other materials in experiments (^~12 and (>-15 were iueHectivi' 
at the lower de])ths in the soil, although when present in relatively 
large amounts they inliibited growth from the upper inoculum. 
None of the four organic mercuries, irrespective of the method of 
application, inhibited giowtli from the bottom inoculum. The ethyl 
niercury-i)hosphate mixtures were more effective than formaldehyde 
in preventing growth from the upper inocnilum. 

Another experiment on the fungistatic effectiveness of certain 
materials was run by method C as in the experiments above, except 
tliat lower con(‘,eutrations of the materials were tested. The results 
(table (), experiment C''“21), indicate tint industrial gasoline is less 
effective against Phymaiotrichum than is industrial xylol or tetrachlor- 
ethane. Xylol ami tetrachlorethane were of approximately equal 
effectiveness. With each, 100 p. p. m. was uniformly effective in 
inhibiting growth of the fungus, while in a single jar receiving lower 
rates, there was definite altliougb short growth from the inoculum. 
These results suggest that the rate of 100 p. p. m. of air-dry soil 
weight, used in most of the earlier tests, is probably near the mini¬ 
mum concent7'ation required, even with the more effective of the 
fungi(*ides tested, to inhibit growth of P. omniroruui. 

It may Ix' noted that the results obtained in these tests are not 
directly conq)arabh^ to those obtained by other workei's with other 
types of soil or with fungicides applied in dilute axiuecnis solution to 
drench the entire soil mass. In extensive studies on penetration of 
soil bv fungicides, Hunt, O'Donnell, and Mai*sball {11) found that 
formaldehycle in dilute solutions percolated as raj)idly as water 
through tubes of Manor and l^'onardtown loams. Milbrath {IS) 
similaiiy found that l-jierceut solutions of formaldehyde passed 
llirough tubes of si>il materials. Yet in the present work (table 5) 
nmliluled l^'nited States rharintteo})oeia formaldehyde added on the 
surface of the heavy Houston soil in the jars, in suftieiont quantity 
to fnniisb 4,000 p. p. m, of the air-iliy weight of the soil, lowered but 
did not prohibit Phyniatotrichum growlli from inoculum located only 
15 mm below’^ the surface. The weight of formaldehyde added to 
furnish 4,000 j). p. m. was more than would be needed to furnish a 
I-percent solution, as useil by Milbrath, to saturate all the soil in 
the jar. 

INITIAL AND liESIDUAL FUNGISTATIC KFFKCTIVENESS OF PENTACHLORETHANE 
AND DUBAY AFTER PENETRATING DIFFERENT DEPTHS IN SOIL 

In the tests summarized above, pentacblorethane and several other 
chemicals wrere much more effective than the organic mercury ma¬ 
terials, It was important to find wdiether this would be true also 
after the materials had been in contact writh the moist soil for some 
time, and whether an organic mercury material might penetrate the 
soil by diffusing gradually downward. 

An experiment was set up in wiiich pentacblorethane and DuBay 
1153--A were tested at rates ranging from 100 to 2,000 p. p. m. 
Pentacblorethane was placed on the surface of the soil, while the 
organic mercury dust was placed in a thin layer one-fourth to one- 
half inch below^ the surface of the moist soil. Two jars were used for 
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each rale of uppliention of oacli material, in each of four series. Six 
jars for each series wore used as clieeks. Series 1 and 2 were sot uj> 
in soil chambers by method C, to determine the immediate fungi¬ 
static effectiveness of tlio materials. 

Soil-chamber method D was used for series 3 and 4, to determine 
the residual fungistatic effectiveness. With this method the inoculum 
was not inserted until several weeks after the fungicides had been 
applied. As the jars were fdled with soil, four glass tubes of 4-mm 
inside diameter were so placed that two reached nearly to the bottom 
of opposite walls of the jar, and the other two readied to the middle 
of alternate walls. Each tube was capped with a small piece of rubber 
tubing, which in turn was plugged with a bit of glass rod. The soil 
was carefully filled in and jiacked around these tubes, leaving the 
capped upper ends exposed (fig. 1, R). The fungicidal materials 
were applied at the beginning of the experiment just us in series 1 and 
2. After 4 weeks for series 3, and 8 weeks for series 4, the jars wen' 
opened one by one, the glass plug on the upper end of each tube pulled 
out, and a mass of sclerotial inoculum pushed (by means of a slender 
glass rod) down through the tube and into contact with the soil. 
The glass rod was then withdrawn, the glass plug replaced to prevent 
later diffusion of the fungicide down the tubes, and the top of the jar 
replaced as soon as all four of the inocula had been inserted. No 
upper inoculum was used. This method aUowed inocula to be 
placed deep in soil, already exposed to fungicides for considerable 
periods, without disturbing tlie soil and possibly allowing escape of 
volatile materials. 

The jars of series 2 w'cre opened and the soil surfaces e.xpost'd to 
gentle fanning for 5 hours on the second day ajid again on the tliird 
day after the be^nning of the e.xperiment. The effectiveness of the 
fungicides was evidently not affected by the .short periods during which 
these jars were open; so series 1 and 2 both show initial effectiveness 
of the materials, and can be compared to series 3 and 4 representing 
effectiveness of the materials after 4 and 8 weeks, res])ectively. 

As usual in soil-chamber tests, the pentachlorethane additions wore 
completely effective in the lowest concentration tested against all six 
masses of inoculum in every jar, in series 1 and 2 (table 7). But after 
4 or 8 weeks' contact with the soil the 100 p. p. m. concentration no 
longer exerted an inhibitivo effect and 500 p. p. m. reduced but did 
not prevent growth. After 4 weeks the fungistatic effectiveness was- 
only a fiftli to a tenth of the original high value. Apparently an 
equilibrium was reached by this time, since the material was equally 
effective after an additional 4 weeks. 

DuBay 1153-A caused only partial reduction in growth from the 
upper inoculum of those jars of series 1 and 2 that received 2,000 
p. p. m., and was eqpally ineffective after 4 and 8 weeks. The ethyl 
mercury phosp^te apparently did not diffuse downward sufficiently 
during the entire time to reduce fungus growth. But ttie aberrant 
results with this material in series 3 and 4 at 500 p. p, m. cannot be 
explained, and suggest the need of further teat of the possibility of 
delayed penetration of soil by ethyl mercury phosphate. 
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Table 7. — Initial and residual effectiveness of pentachlorethane and DuBay 115S-A 
percent ethyl mercury phosphate) in preventing growth from sclerotial inoculum 
located at different depths^ experiment C-16 


Sprite No. und method 


1. Tnoculuni placed m Jars as filled, jars 
not Oldened later. 


J Inocuhiin placed in jars as filled, jars 
oiHUied 5 hour.s each on third and 
fourt h tla,\. 


3 Inoculum inserte<l thiouiili luhes .iflei 
4 \ve«k.‘>. 


1 Inoculum uiv*rled IhrouKh luia"* after 
>i ^Nccks, 




Mean extent of Phymato- 
trichum strand jrrowth from— 

Material tested 

Rates of 
application 

Upi>er 

Middle 

Bottom 



inocu- 

inocu- 

inocu- 



luin 

lum 

lum 


Parts per 

MtUi- 

Millu 

Milli’ 


iniUton 

meters 

meters 

meters 

i*eiitachloret liane 

{ 100 

U 

0 

0 


I 500 

0 

c 

0 


\ 1,000 

0 

0 

0 


1 ‘2,4)00 

4) 

0 

0 

1 - 

f 100 

5:1 

53 

53 

DiiH iy 1153’A, . 

J 50t) 

4S 

40 

55 

\ 1.000 

44) 

40 

54 


1 2, OOO 

5 

41 

51 

,None (checks). 


4S 

41 

5.3 


{ 100 

0 

(i 

0 

Pent HclilorcthaiK* 

) 500 

0 

0 

0 


i i.m.u 

0 

4) 

0 


1 2.004) 

0 

4) 

0 

!< DuCa> 1153 V 

100 

50 

11 

54) 


1 .VO 

14 

44 

413 


i.ooo 

34> 

3H 

51 


1 2jm 

' N 

31 

> 4>l 

Nimo . 

i " 100 

10 

47 

■ .U 

IViil achloreihune. 

1 :)t)o 


P» 

20 


1.000 


4) 

, 4) 

1 

1 2, (XM) 


f) 

. 4) 


{ 104) 


74 1 

f»0 

l>ulhi> ll^UA_ 

) 500 


, 4) 

. 0 


1.04)0 

. 

24> 

1 2H 


1 2. tKlO 


43 

50 

,N<mc (clieck^'t_ 



5H 



1 ' ’ 14 mV 


75 

1 4)0 

PciiiiH'Jilurcl hane. 

1 :)00 ' 


1) 

s 


i l. 4HH) 

__ 

0 

' 0 


1 2 4H)l> , 


4) 

, 4) 


f 14)0 : 


30 

33 

Dulhij Hoo'A.. 

1 :ioo 


4) 

0 

I 1.4HK) 


84) 

70 


1 2. <X)0 : 

'. 

HI 

' 4)9 

None {clici'k").. * 

-.: 

; 

4>2 

51 


KFFKCTIVENESS OF VARIOUS MATERIALS WITH INFEC'TED COTTON HOOTS USED 

AS INOCULUM 

III the previous tests of volatile materials in soil chambers, portions 
of sclerotial masises of the fungus x^roduced in artificial culture were 
used as inoculum. An experiment was planned to find whether the 
niaterials would be equally effective if infected roots were used 
instead. For this work cotton roots only partially decaycil by root 
rot were collected on October 3, 1933. Since earlier work had showui 
that the fungus is most active near the advancing edge of the invaded 
portion of a root, each root w as cut dowui to a piece 8 to 10 cm Jong, 
with most of the di8integrate<l lowrer portion removed and only about 
3 cm of the upfier iininvaded portion left above the infected area. 
Two roots were placed on the bottom of eacli mason jar, wdiioh was 
then filled with moist Houston soil. Six jars w^ere used for each con¬ 
centration of each material tested, Pentachlorethane, tetrachlore- 
thane, and xylene were ai)plied on the surface of the soil, at rates of 
100, 1,000, and 2,000 p. p, m. of the air-dry soil weight. 

Pentachloi^ethane prevented any Phymatotrichum grow th from the 
infected roots. In both the tetrachlorcthane and xylene series there 
was some strand development in one of the six jars receiving only 
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100 p. p. m. Profuse growth occurred in 9 of the 14 check jars with 
untreated soil. While pentachlorethane was apparently as effective 
in preventing growth from the infected roots as previously in prevent¬ 
ing growth from sclerotial inoculum, tetrachlorethane and xylene were 
slightly less effective with the roots than with the sclerotial inoculum. 

C'OMPACTNESS OF SOIL IN JARS AS AFFECTINO PENETRATION AND FUNGISTATIC 

effectivknp:ss of pentachlorethane 

An experiment was set up by method O as outlined above, except 
for variations in the compactness of the soil. One series of soil cham¬ 
bers was prepared as usual with 900 g of moist Houston soil per 1- 
quart jar, another series with 1.2 times this weight, and a third with 
1.4 times this weight. For the third series, the soil was pounded into 
the jars with pestles, compacting it to a bricklike mass. Pentachlo¬ 
rethane was added on tlie surface of the soil in amounts to furnish 100, 
250, 500, and 1,000 p. p. m., respectively, of the air-dry weight of the 
900 g of soil used in the usual set-up. The pentachlorethane inhibited 
growth from sclerotial inoculum at all three depths in every jar, while 
good growth occurred in the untreated jars of most of the scries. In 
the check jars with the most compact soil, however, strands developed 
from only two of the four middle inociila, and from only one of the 
four bottom inocula. Absence of growth in pentachlorcthane- 
treated jars of this set was therefore not so significant as in the other 
series. 

In another experiment with soil compacted to 1,5 times the usual 
density, strand growth developed from one of the four middle inocula 
of the jars receiving 300 and 500 p. p. m. of pentachlorethane, and 
from some inocula at all depths in jars receiving 100 and 200 p. p. m. 

In these tests, pentachlorethane readily permeated Houston soil 
somewhat more compact than that used in most of these laboratory 
tests, but did not penetrate uniformly through soil compacted to 
about 1.5 times this density. 

APPLICATIONS OF VOLATILE FUNGICIDES IN CLOSED AS COMPARKI> TO OPEN SOIL 
CHAMBERS AND ON SURFACE OP SOIL AS COMPARED TO INSERTION IN HOLES 

The several lines of experiment discussed above had shown that 
pentachlorethane, tetrachlorethane, and xylene, applied on the surface 
of soil in closed jars, even at very low concentrations, penetrated the 
soil and inhibited growth of Phymatotrichum, Obviously, conditions 
of this sort would not exist in the field, where the fungicides might 
readily evaporate and be lost in the air. Several experiments were 
therefore set up to determine the effectiveness of these volatile mate¬ 
rials when used in open jars. 

In the experiment summarized in table 8, each of the five series of 
jars included duplicate jars (set up with upper, middle, and bottom 
inoculum as described for method C above) for each of the four con¬ 
centrations of pentachlorethane used. After pentachlorethane was 
added, the jars of series 1 were left open continuously; those of scries 
2 were closed for 2 hours; those of series 3 for 18 hours; and those of 
series 4 for 48 hours, and then left open afterwards. The jam of 
series 5 were closed continuously. Jars of series 1 to 4 were weighed 
at the beginning of the experiment and at intervals of 2 to 3 days 
tiiereafter, and water lost by evaporation was replaced. 
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Table 8. —Fungistatic effectiveness of pentachlorethane in open as compared with 
dosed jarSf in preventing growth from scleroiial inoculum located at different 
depths^ method C, experiment C- 17 


Scries No and treatment of the jars 


1 Ojjcn continuously. 

2 . Closed for 2 hours, oi>on thereafter_ 

3 Closed for 18 hours, oi>en thereafter. 

4, Closed for 48 liours, open thereafter. 

5 Closed continuously. 



AFean exiont of Phymatotri- 
chmn strand growth from — 

j Kales of 




1 application 

Upfier 

Middle 

Bottom 


inocu- 

inoou- 

inoru- 


lum 

Imn 

him 

j PartH per 

Milli- 

Aft/it- 

Milli- 

1 miUton 

meters 

meters 

meters 

i 100 

68 

56 

56 

i 5m) 

39 

48 

50 

1,(M)0 

0 

0 

0 

1 2,000 

0 

0 

0 

i UK) 

63 

70 

54 

ij 5(K) 

0 

2S 

66 

! 1,000 

0 

0 

0 

, 2, om) 

0 

0 

0 

• 1(K) 

1 35 

3.i 

i 56 

I 5(X) 

! 0 

0 

i 

,1 i.mK) 

1 0 

0 

1 

! 2,000 

i 0 

0 

0 

< 100 

1 0 

0 

1 40 

WK) 

0 

0 


i.m)o 

1 0 

0 

' 0 

2. mx) 

! 0 

0 

' 0 

100 

1 0 

(1 

0 

500 

i 

0 

0 

l.OOO 

i 0 

0 

0 

2.000 

0 

0 

0 


Pentachlorethano was not so cftVotivc in tJie opened jars as in the 
series that remained closed (table 8). In the closed jars, pentachlor- 
ethano was completely efteetive, even at the lowest concentration, in 
preventing growth from the bottom inoeiiliim. In the jars closed for 
48 hours before being opened, growth oeeurred only from the bottom 
iiioeuluin with pentachlorethane applied at 100 p. p. m. In the 
jars closed for oiilv 18 hours, the 100-p. p. m. treatment did not inhibit 
growth from inoculum at any of the dejiths; and in the jai's left open 
continuously or closed for only 2 hours before being opened, the 500- 
p. p. m. treatment was not effective. 

Another experiment, summarized in ])art in table 0, was set up in 
2-quart mason jars with 1,800 g of moist soil per jar. Pontaclilor- 
etliane, tetrachlorethane, and xylene were tested, each in three separate 
series. In the first series, the fungicides were poured on the surface of 
the soil in the jars, in the second series the materials were poured into 
small holes, a half inch in diameter and 3 inches deep, pimclied in the 
center of each jar. The holes were filled in tightly with soil as soon as 
the fungicides nad been inserted. These two series, and the untreated 
check jars, ’were left open and exposed to a constant breeze from an 
electric fan. At intervals of 2 to 3 days, eacli jar was weighed and the 
water lost by evaporation was replaced. There was apparently a 
fairly rapid loss of the fungicides from these jars. A strong odor was 
perceptible over the jars during the early days of the exi^eriment. 
By the end of the first week, however, the odor was much vreaker, and 
after 2 weeks it w^as imperceptible. 

In a third series, not included in table 0, the jars were sealed as 
usual when method C was used. All three firngieidcvS were effective 
in preventing growth from even the bottom inoculum, witli the lowest 
concentration used, while profuse growth occurred in the jars of 
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untreated soil. Thus this series proved that the materials were able 
to penetrate the 165 mm of moist soil to the bottoms of these deeper, 
2-quart jars. 

Table 0. — Relative fungistatic effectiveness of applicaiion of volatile materials on 
the surface of soil as compared to application in holes 3 inches deep in the soily in 
open jars exposed to constant fayming^ experiment C-20 


Methods of appiicatiuQ 


On surface of soil in jars. 


Ill holes 3 inches deep in the soil. 


None {’checksi 


Mean extent of Phymatotri- 
chum growth from— 


Material tested 


Kates of 
application 


Upper 

inoculum 


I Pculaehlorethane. j 

i 

' Tetrachlorethane.J 


,XyIene.’ 

I 

'Pentachlorethane. | 




Tetrachlorethane.. 

Xylene. 


Parts per 
million 
100 
500 
1,000 
2, (KK) 
100 
500 
1,0(X) 

2, (KK) 
100 
500 

],(KK) ( 
2,(KK) ' 
KM) I 
500 1 
1,0(K) I 
2.(XKi; 
ioo ; 
500 

1,000 * 
2,000 
100 j 
6(K) 

],0(K) ! 
2,000 1 


Mini- 

meter* 

24 
56 
* 13 
0 
34 

as 

24 
1 a 15 
41 i 
4S t 
2 IK 1 

’Mh I 

J SO 1 
1 70 I 
1 i 50 ! 
31): 
84 I 
I 134 ’ 
» 2 23 I 
HO ; 
»71 ; 
1 HO 
I 01 ' 
40 1 


Middle 

inoculum 

Bottom 

inoculum 

Mtfih 

Millt- 

meters 

meters 

M 

80 

04 

« *.34 

30 

».30 

1 >H3 

1 01 

.58 

71 

50 

53 

80 

50 

58 

104 

f>G j 

50 

71 1 

05 

74 1 


m j 

70 

4U 

70 

0 i 

» 2 28 

0 ' 

0 

! 

0 

58 

04 

0 1 

0 


0 

0 I 

0 

74 ' 

84 

i 

1 2 IfJ 

0 ! 

0 

0 i 

0 

57 1 

C8 


1 No growth recorded for first 7 days, 
a Growth from only 1 or 2 of the 4 sclerotial masses. 


The open jars exposed to constant fanning (table 9) yielded quite 
dilferent results. None of tho materials permanently inhibited fungus 
growth. Materials poured on the surface did not inhibit growth from 
the middle or bottom inoculum. Growth from the upper inoculum 
was inhibited only temporarily, except with pentacljlorethane which 
held back growth in many jars for at least a week and permanently 
inhibit^ growth from the upper inoculum with 2,000 p. p. m. In' 
the series in ■which the materials were inserted in holes 3 inches deep, 
on the other hand, the greater effect was observed on tho deeper rather 
than on the upper inoculum. Growth was inhibited for the first week 
in ahnost all jars except those with the lowest concentrations of the 
fungicides. After this temporary effect, profuse growth was secured 
from most of the upper masses of inoculum. But the middle inoculum, 
which was nearest to the depth at which the ftmgicides had been 
inserted, did not grow; and there w^as growth from the deep inoculum 
only in one side of one jar at 500 p. p. m. of pcntaclilorethane, and 
from one side of a jar at 500 p. p. m. of xylene, During the second and 
third weeks, fungus strands from the upper inoculum spread down into 
the soil and around the middle and lower masses of inoculum, which 
still failed to grow and apparently were dead. 
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Since a concentration of only 100 p. p. m. of any of these fun^cides 
was sufficient to inhibit growth of the fungus at any depth m the 
closed jars of this experiment, it is obvious that this concentration 
was not maintained in the open jars of either series. The repeated 
alternate wetting of the surface soil in these jars, followed by rapid 
drying from the fanning, resulted in frequent deep cracking of the 
soil and allowed unusual opportunity for rapid evaporation of the 
fungicides. This explains the results in the series in which the fungi¬ 
cides had been placed 3 inches deep in the soil. Early inliibition of 
grow th from the upper inoculum here was presumably due to the 
presence, near the surface, of nontoxic concentrations of the materials, 
which were later lost by evaporation, and growth from the still viable 
inoculum then occurred. But deeper in the jars, higher concentra¬ 
tions must have been present long enough to kill the sclerotial masses 
before the fungicides were dissipated into the air. 

This experiment made possible rather close comparison between 
pentachlorethane, tetrachlorethane, and xylene. Particulariy in the 
first series wdth opened jars, pentachloretiiane appeared slightly the 
most effective, both in inhibition of growth during the first week and 
in final prevention of growth. Tetrachlorethane and xylene appeared 
of almost exactly equal value. 

These experiments suggest that the probable effectiveness of volatile 
fungicides in the field wdll be increased if, instead of the liquids being 
merely poured on the surface soil, they are inserted in boles deep 
enough to prevent too rapid loss from the surface, or confined by a 
cover of some sort for 18 to 48 hours. In preliminary field trials 
(.9) volatile fungicides have accordingly been applied in holes. 

TESTS OF THE TOXICITY OF VOLATILE MATERIALS 

Most of the soil-chamber tests so far mentioned served to indicate 
only the fungistatic effectiveness of materials, that is, whether ma¬ 
terials placed on top of the soil were able to prevent the fungus from 
growing. Further evidence of the probable value of materials as soil 
fungicides could be obtained by determining whether the materials 
were able to kill the fungus. Some toxicity tests were therefore run, 
separately from the soil-chamber studies and without considering the 
relative penetrating powrer of the materials in the soil. 

In one experiment of this sort, bits of sclerotial masses from flask 
cultures of Phymatoirichum omnivorum were planted on the surface of 
agar slants. The tubes were sealed in 2-quart mason jars with the 
vai-ious materials to be tested. Sufficiently volatile materials could 
pass throiigh the air and the cotton plugs in the tubes, and act on the 
lungus. The tubes were exposed to three arbitrary concentrations of 
materials: 0.144, 0.72, and 2.88 g per 2-quart jar. (These weights 
would provide concentrations respectively of 100, 500, and 2,000 
p. p. m. if added to 1,800 g of moist Houston soil, sufficient to ful 2- 
quart jars. The concentrations were thus planned to ^ comparable 
to concentrations used in soil-chamber tests, but obviously only to 
the extent that moist soil in the jar in the soil-chamber test did not 
lower the effectiveness of a particular material by preventing it from 
diffusing, or increase effectiveness of a more pervasive material by 
filling part of the space with an immiscible volume of soil.) After 
exposure in the jars for periods respectively of 1, 7, and 14 days, 

04184 —^ 8—-2 
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three tubes were removed for each concentration of each material, 
aerated for 1 hour in front of an electric fan, and incubated for several 
months to observe possible Phymatotrichum growth. 

Table 10. — Preliminary test of toxicity of volatile materials, confined in mason jars, 
to sclerotia of Phymatotrichum omnivorum exposed on agar slants for the periods 
indicated, eTperiment E-1 


Growth (-f) or lack of growth (—) of the fungus after exposure, for the num¬ 
ber of days shown, to the indicated weights of material per Z^quart Jars 


Material tested 

0.144 g 

0.72 g 

2.88 g 


1 day 

7 days 

14 days 

1 day 

7 clays 

14da5"S 

Iday 

7 days 

14 days 

Pentachlorethane. 










A TTimnnia 










Xylene.. 

1 4- 





— 

_ 


— 

Carbon disulphide. 

1 4- 




_ 

_ 

— 



Pormaldehyoc.. 

-f 

_ 


X ^ 

— 

— 

1 4 



Paradichlorobenzone.. _. 

4* 

4- 

4- 

-f 

4- 

i 4. 

_ 

4- 

— 

— 

Turpentine____ 

4* 

4. 

4. 

4- 

1 4. 

4 

4 

4 

None (c^cck). 

+ 

+ 

•f 

4- 

■4 

4 

4 

4 

4 




! 






1 Growth In only 1 of 3 slants. 

Marked differences were found (table 10) between the various ma¬ 
terials. Pentachlorethane and ammonia prevented any further 
growth of the fungus, even at the lowest concentration and for the 
shortest period of exposure; while para dichlorobenzene was only 
slightly toxic and turpentine did not prevent growth even during the 
period of treatment. 

In the series just described, wcaldy fungicidal materials absorbed 
in the agar substratum might possibly have prevented later growth 
even from uninjured inocula. The exposure to carbon disulphide, 
for example, had discolored the agar; and the ammonia had produced 
a fine precipitate in the agar. 

Later toxicity tests were accordingly run by a modified procedure. 
In this procedure, bits of sclarotial masses of PhymatotricKum omni¬ 
vorum, resting on small wads of moisi absorbent cotton in culture tubes 
plugged with nonabsorbent cotton, were exposed to the fumes of 
volatile materials confined within 2-quart jars. After specified in¬ 
tervals, the tubes were removed from the jars, aerated in front of an 
electric fan for 1 hour, and each sclerotial piece was then transferred 
aseptically to an agar slant. The fungicide itself could be carried over 
to the agar slant only by passing through the air and the cotton plug 
and depositing on or in the bit of inoculum. The entire procedure 
was carried out aseptically, so far as the inoculum was concerned, 
so that no contaminations entered and observations on large numbers 
of cultures could bfe made rapidly and with little trouble. There was 
no necessity for aseptic precautions with regard to the mason jar 
containing the fungicide. 

In the following experiments the culture tubes used inside the jars 
each contained a wad of about 0.2 g of absorbent cotton, moistened 
with 3 cc of distilled water. These tubes were autoclaved, then a 
piece about 2 by 1 by 1 mm of a fresh, white sclerotial mass of Phymaio-^ 
trichum omnivorum was deposited aseptically in each tube. Three or 
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more tubes, for each harvest of each concentration of each material 
to be tested, were placed in 2-quart mason jars. The material to be 
tested was tiien introduced into the jar, to the side of the tubes, care 
being taken to prevent contact with the cotton plugs. Immediately 
afterward the jar was sealed tightly and tilted just enough to facilitate 
entrance of heavy gases into the tubes, but not enough to allow the 
liquid or solid material to come in contact with the plugs. After the 
respective periods, the jar was opened and the tubes removed quickly* 
The sclerotial masses were transferred to slants of synthetic medium 
No. 135 {10), The slants were incubated for 3 to 4 months and 
examined periodically. 

To test the possibility that the period of observation in these 
toxicity tests might not be long enough, certain slants were held longer, 
in some cases for more than 8 months. In one series, the inoculum 
was transferred at approximately monthly intervals from the old agar 
slants to fresh slants, to dispose of traces of funmstatic substances. 
Another set of sclerotial masses, of which some had been treated with 
pentachlorethane and others with paradichlorobenzene, were taken 
from the agar slants on which they had failed to grow, sliced into 
smaller pieces to expose fresh surfaces, and distributed to new agar 
slants. None of these special treatments resulted in growth from 
inocula that had not previously produced growth. Those that 
failed to grow within the usual period of incubation probably were 
dead. 

In experiments E-2, E~3, and E~4, a single jar was used for the 
three periods of exposure to a particular concentration of a material. 
Thus in experiment E~2, nine tubes were placed in the jar with the 
material; the jar was opened after 24 hours, three tubes withdrawn, and 
the jar quickly sealed again; it was opened 48 hours later for the 
second harvest; and after 7 days for the final harvest. Some of the 
volatile material was lost each time the jar w'as opened, even though 
it was closed again within 7 or 8 seconds. This loss lowered progres¬ 
sively the concentration of materials in the jars with the lowest rates, 
but did not affect resxdts with the higher rates since the materials 
were present usually in such excess that liquid or solid material 
remained unvolatilized on the bottom of each jar at the end of the 
experiment. 

These three experiments, sunmiarized in table 11, showed sharp 
differences in the ability of the various materials placed in the mason 
iars to pass through the air and through the cotton plugs and then 
kill the pits of Phymatotrichum sclerotial masses. Pentachlorethane, 
tetrachlorethane, xylene, and ammonia were completely toxic, at the 
lowest concentration tested, and with a period of exposure of only 
24 hours* Carbon disulphide and a considerable group of other ma¬ 
terials were somewhat less effective, and naphthalene and alpha- 
naphthol were completelv ineffective. The two organic mercxiry 
preparations included in the tests were ineffective even in the highest 
concentration with only 1 day of exposure, but toxic to the lowest 
concentration after 4 days^ exposure. 

To obviate uncertainty of concentration of materials present in the 
jars after the first period of exposure, a series of experiments E 5, 
E-7, and E-~8 was run in which a separate mason jar was used as the 
container for each set of tubes for each har\’^est. In experiment E-5, 
ethyl chloride, pentachlorethane, and DuBay 1163-A were included, 
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the same three weights of materials being used as in the previous 
experiments. The ethyl chloride was measured as a liquid from a 
flask cooled in a freezing mixture, and sealed in the jars with little 
loss. It was not toxic even at the highest concentration after 7 days 
(table 12). Pentachlorethane killed all the inoculum, at every con¬ 
centration, within 24 hours. DuBay 1153-A was again completely 
ineffective even at the highest concentration with only 24 hours^ 
CKposure, but prevented all growth from sclerotia that had been 
exposed to even the lower concentration for 3 or for 7 days. 

Table 11. —Toxicity of materials confined in mason jars to sclerotia of Phyniato- 
trichum omnivorum exposed on wads of moist cotton for different periods and 
then transferred to agar slants 


Growth (-f) or lack of Kn)wth (—) of the ftintru;; after exposure for time show i» 
to the Indicated weights of material per 2-quart jars 


Experiment numbor and 
material tested 


Fixiicrimcnt E 2: 

Pentachlorethane. 

Xylene- -. 

Ammonia. 

Carbon disulnhide. 

Perchlorethylene. 

Formaldehyde. 

Paradichlorobenzime-., 

None (checks). 

Experiment E-3‘ 

Tetrachlorcthano. 

Trichlorethylene. 

I) ichloretbylene. 

Carbon tetrachloride— 

Dichlormcthauo. 

Benzene. 

Naphthalene. 

None (checks)...- 


Experiment E-4; 

Chloroform. 

Ethylene didilonde. 

Ether... 

New Improved Coresan. 

DuBay 1163-A_ 

Acetone__ 

Alpha-naphthol. 

None (checks). 


0.144 g 


0.72 g 



2 .8Sg 


1 day 

3 days 

7 days 

1 day 

3 days 

[ 7 days 

L _ . 

1 day 

3 days 

7 days 
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4- 
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1 1 
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4- 

4- 

4- 

14 

— 

— 

+ 

4- 

4* 

4- 

‘f 

4 

4 

4- 

4- ^ 

4- 

4* 

4- 

4- 

4- 

4- 

4 

4- 

4 


1 Growth from only 1 of 3 slants. 


Experiment E-~7 was run with pentachlorethane and hexachlore- 
thane, each at additional concentrations of 0.072 and 0.36 g per 
2-quart jar. (On the theoretical comparative basis of the wreight 
required as additions to sufficient Houston soil to fill the jars, these 
would correspond to additions of 50 and 250 p. p. m. of air-dry soil 
weight.) Pentachlorethane killed all the inocula exposed to any of 
these concentrations for either 16, 22, or 40 hours. Hexachlorethane, 
on the other hand, was not toxic at any of the concentrations, after 
even the longest periods. This solid, most highly chlorinated of the 
ethane series is thus apparently of no value as a Wgicide agtiinst 
Phyrm^otrichum omnivorum. 
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Table 12. — Toxicity of volatile materials confined in mason jars to sclerotia of 
Phymatotrichum omnivorum exposed on wads of moist cotton for the periods 
indicated and then transferred to agar slants, quadruplicate tubes with separate 
mason jar being used for each period of exposure with each concentration of each 
material 


K\'IKjniiU‘nt N<J. and nmt(‘rial 
tested 


Kxjx'riinent E~5; 

Pentachlorethiine. 

Dll Bay 1153-A. 

Ethyl clilorido.,-. 

None (t’hceks). 

Exi)onmont E"7 

F*outachlorelhane_ 

liexaehlorethanc. 

None (chocks). 

Exiierimeiit E-S 

IVtrachlorothaiie.. . -. 

Xjlol (industrial). 

(Jasollne (industrui.1). 

None (cheeks). 


Periods of cxixeure 


(Irowth (+) or lack of growth (—) of the fungus after 
exposure to the indicated weights of material per 
2-quart jar 


I 


day. 

3 days. 

7 days. 

|J day. 

<3 days. 

17 days.. 

I day. 

•{3days.,- 

days. 

day.. 

days.. 

days. 


Ip 


0.072 g 


I U) hours.I 

22 hours. 

40 hours. 

j j 10 hours. 

.i{22 hours. 

1140 hours. 

j If) hours-. 

<22 hours. 

j (40 hours. 

I no hours. 

\24 hours. 

3 days. 

Hi hours. 

y24 hours.. 

3 days,. 
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i -4 
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I + 

4 
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1 ilrow’th from only I slant. 


Experiment E-H (table 12) was a comparison of tetrachlorethane 
with industrial xylol and industrial gasoline. In the series were in¬ 
cluded tlie short period of exposure and low rate of application as 
used in the previous experiment. Tetracldorethane was completely 
effective in this stringent test, whUe xylol was not effective at the 
lowest rate with any of the periods of exposure and gasoline was 
effective only after 3 days exposure to the higher rates. Use in these 
experiments of the shorter period of exposure and lower rates per¬ 
mitted differentiation of pentachlorethane and tetrachlorethane as 
slightly more toxic than xylol under these conditions. 


COMPARISON OF TOXICITY RATINGS WITH THE FUNGISTATIC 
EFFECTIVENESS OF MATERIALS AFTER PENETRATING THE 
SOIL 

In the experiments recorded above some possibly fungicidal ma¬ 
terials have Dean considered chiefly from two aspects. The studies in 
soil chambers (tables 1 to 9) were essentially fungistatic tests, designed 
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]>rimarily to determine the ability of the materials at various concen¬ 
trations to penetrate moist soil and there to inhibit growtli of the 
root rot fungus. In the toxicity tests (tables 10 to 12), the materials 
were judged by another criterion, namely, their ability to volatilize 
through air and through dry cotton plugs and then kill or permanently 
inactivate small portions of Phymatotrichum sclerotial masses. Ob¬ 
viously, materials highly effective by both tests are more promising 
as possible fungicides than materials that proved to be effective by 
one but not by both tests. It is thus of interest to compare the results 
in summarized form, as in table 13. 

Table 13 .—Comparative effectiveness of materials in killing sclerotial masses of 
Phymatotrichum omnivorum exposed only to fumes of the materials, and in pene¬ 
trating moist soil to inhibit growth from sclerotial masses 

[Arranged with the more e/Toctive materials at the top] 


Toxicity rating ^ 

Fungi.statie rating» 

Conditions 

Material 

Rates of 
application 

Material 



Parts per 




miUion 



Pentachlorethane. 


[Pentachlorethane. 

1 day, at low concentra- 

Telracblorethaue. 


Tetr achloroth ane. 

tidh. 

Xylene. 


Xylene. 


Ammonia. 


Carbon disulphide. 


'Carbon disulphide. 
Perchlorethylene. 

100 

Perchlorethylene. 

Trichlorethylene. 


Trichlorethylene. 


Dichlorethylene. 

1 day at medium or 4 

Dichlorethylene. 


Turjientine. 

days at low couceutra- 

Carbon tetrachloride. 


.Paradichlorobenzene 

tioh. 

Chloroform. 


Chloroform. 


Ethylene dichlorido. 

500 

Dichlormethane. 


New Improved Oresan 

Benzene. 


DuBay il53-A. 


Gasoline. 


Formaldehyde. 

1,000 

Kerosene. 

1 day at high or 7 days at 

Paradlcblorobensene. 

\Ethyl chloride. 

low concentration. 

Dichlormethane. 

2,000 

fKther. 


Ether, 

i Naphthalene. 

3, 4, or 7 day.s at high 
concentration. 

(liasoline. 

Benxene. 

Acetone. 


’New Improved Coresan. 

DuBay 1J53-A. 

DuBay 971 -A. 


Ethyl chloride. 


Semesau. 

Not toxic in limits of 
tests. 

Hexachlorethane. 

Naphthalene. 

Turpentine. 

■**3 2,000 

Acetone. 

Cresylio acid. 

Sulphur chloride. 


,Alpha*naphthol. 


Hexamethylenetetramine. 

Alpha>naphthol, 




VPotroleum (lubricating) oil. 



M,000 

Formaldehyde. 



3 10,'000 

Ammonia. 


> Volatilises through air and cotton plugs, and kills sclerotial masses in time indicated. 

> Penetrates 135 mm of moist soil and inhibits growth when applied in soil chambers at rates indicated. 
3 Not effective at concentration given. 


Three of the materials, peutachlorethane, tetrachlorethane, and 
:^lene, were completely effective in low concentrations by both cri¬ 
teria. Another group of materials, including carbon dist^hide, 
perchlorethylene, tiichlorethylene, and diohlorethylene, were effective 
at 100 p. p. m. in the test of fungistatic effect, but fell mto the second 
group in me toxicity test. These materials are, therefore, apparently 
not quite so likely to be effective under soil conditions as the first 
three. Paradichlorobenzene, which beloi^ in the first g^up on the 
baas of its ability to penetrate soil and inhibit growth, is shown by 
tile toxicity test to be rather slowly toxic. 
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Some of tlie other materials appeared more j^romisuig from the 
standpoint of toxicity than from that of ability to penetrate the soil 
and inhibit growth. Thus New Improved Ceresan and DuBay 
1153~A were fairly toxic but wore not able to penetrate the soil to any 
practical extent. Ammonia was very toxic but did not penetrate the 
soil effectively even when added at 10,000 p. p. m., the highest rate 
tested for any of the materials. Formaldehyde was moderately 
toxic, but of no apparent value when judged by its ability to penetrate 
moist Houston black clay soil. 

Laboratory study of a variety of materials by these several tests 
lias furnished rather critical data for determining their probable value 
as fungicides against Phyrnatotrichum root rot. While the tests are 
completely arbitrary, materials that fail to be effective in these labora¬ 
tory tests wiU probably be less useful under field conditions than 
materials that are effective in the tests. The results indicate that the 
general failure of some fungicides to eradicate Phyrnatotrichum root 
rot is due probably to their low effectiveness in permeating the soil. 

On the basis of the results obtained, pentaclilorethane, tetrachlore- 
thane, and xylene appear to be particularly worthy of field trial against 
root rot. Obviously, however, none of these materials should be 
recommended for practical use without thorough trial in field experi¬ 
ments. In field trials against Phyrnatotrichum root rot, pentachlore- 
thane, tetrachlorethane, and xylol applied around infected plants have 
regularly killed the fungus in the roots of the plants. As yet, however, 
the methods tried for applying these materials in the field have not 
succeeded in completely eradicating the disease from infested areas. 
These field experiments are summarized in an accompanying paper (5). 
None of the soil fungicides mentioned in the present paper are recom¬ 
mended at this time for practical use against Phymatoirichum root rot. 

SUMMARY 

Methods were developed for evaluating fungicides in the laboratory 
as to ability to permeate soil and as to fungistatic and fungicidal 
effectiveness against the root rot fungus, Phymatoirichum omnivorum. 

Tests with fungicides mixed mechanically into soil indicated the 
relative effectiveness of a number of organic mercury compounds for 
preventing grow'th from inoculum of P, omnivorum. The initial 
fungistatic effectiveness of ethyl mercury materials was found to be 
much higher than would be expected from their mereuiy content, 
but the residual value after 5 weeks’ contact with moist soil was in 
line with that of other compounds. 

Tests with fungicides applied on the surface of Houston black clay 
soil in closed jars showed whether materials were able to penetrate 
moist soil in jars, to various depths, and then prevent growtli of P. 
omnivorum. A group of volatile materials, including pentachlor- 
ethane, tetrachlorethane, xylene, carbon disulphide, turpentine, 
perchJorethylene, triclilorethylene, and diclilorethylene, applied at 
only 100 p. p. m. of the air-dry soil weight, completely inhibited 
growth from inoculum 135 mm aeep in the soil. Formaldehyde, on 
the other hand, was ineffective even at 4,000 p, p. m.; and ammonia 
did not prevent growth from deep inoculum even at 10,000 p. p. m. 
The oigam'c mercury compounds tested prevented growth from 
inoculum near the surface but not from deeper inoculum. 
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By using a method in which the inoculum was inserted deep in 
soil in closed jars several weeks after pentachlorethane had been 
aoijlied on the surface, it was found that 4 to 8 weeks' contact with 
moist soil reduced the fungistatic effectiveness to between a fifth and 
a tenth of the original value. 

Pentachlorethane, tetrachlorethane, and xylene when applied at 
only 100 p. p. ni. on the surface of Houston soil in closed jars were 
quite effective in preventing growth from P. ornnivorum moculum 
buried in the soil, but these low concentrations were not regularlv 
effective under more adverse conditions, as with very compact soil, 
or with infected roots as the inoculum, or in experiments in which 
the jars were left open and fanned to accelerate surface loss of volatile 
fungicides. Higher concentrations—500 to 1,000 p. p. m.—appeared 
necessary under these conditions. In open jars, there appeared con¬ 
siderable advantage in inserting the fungicide in holes below the sur¬ 
face rather than applying it on the surface; yet in one experiment the 
inoculum located just below the surface of the soil survived such 
treatment. 

Actual toxicity of the volatile materials was detennined by a method 
that required the fungicides to volatilize through air and through cot¬ 
ton plugs before coming in contact with the fungus inoculum. Pcn- 
tachlorethane, tetrachlorethane, xylene, and ammonia proved most 
toxic to P. ornnivorum in these tests. 

Pentachlorethane, tetrachlorethane, and xylene showed ability to 
penetrate moist soil and prevent growth of P. ornnivorum^ together 
with high fungicidal value after passage through air, and these mate¬ 
rials are suggested as prornising soil fungicides for trial in field ex¬ 
periments. None of the soil fungicides mentioned in this paper are 
recommended at this time for practical use against Fhymatotrichum 
root rot. 
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TESTS WITH PENTACHLORETHANE, TETRACHLOR- 
ETHANE, AND XYLOL TO DETERMINE THEIR EFFI¬ 
CIENCY IN ERADICATION OF PHYMATOTRICHUM 
ROOT ROT" 


Hy Walter N. Ezekiel 

Plant patliologistf Division of Plant Pathology and Physiology^ Texas Agricultural 

Experiment hlation 

INTRODUCTION 

All accompanying paper {1) summarizes i^rovious studies on pos¬ 
sible control by soil fungicides of root rot caused by Fhymatotrichum 
omnivomm (Shear) Duggar, and presents results of laboratory com¬ 
parisons of chemicals for their relative value as soil fungicides against 
P. ornnivorum. These experiments demonstrated that most of the 
water-soluble materials tested, such as formaldehyde, ammonia, and 
organic mercury compounds, were apparently unable to penetrate 
rapidly through moist Houston black clay soil under the conditions of 
the tests. A number of other materials, including pentaclilorethane, 
tetrachlorethane, and xylene, mostly not water-soluble, readily perme¬ 
ated the soil. Separate comparisons of the relative toxicity of chem¬ 
icals to P, omnimrum^ under conditions that required passage through 
air and dry cotton plugs, indicated high toxicity values also for penta- 
chlorethane, tetrachlorethane, and xylene. These results suggested the 
desirability of field trial of the three chemicals for possible use against 
Phyrnaioirichum root rot. The present paper summarizes the trials 
made with these materials between September 1933, and October 1935. 

MATERIALS AND METHODS 

The materials used were commercial refined pentachlorethane,^ 
specific gravity 1.685, commercial refined tetracluorethane, specific 
gravity 1.58, and industrial xylol (xylene), specific gravity 0.86. Some 
experiments included also a partially refined tetrachlorethane, referred 
to below as “crude’’ tetrachlorethane. This was a somewhat turbid, 
dark greenish-yellow liquid with a pungent odor. 

The experiments were carried out at College Station and Bryan, 
Tex., with various jdants growing in Lufkin fine sandy loam soil. 
This soil has a highly plastic and impervious clay subsoil; nevertheless 
the roots of cotton and other plants penetrate it deeply. 

The experiments were of three distinct types, and the special meth¬ 
ods used will be presented separately. However, the fungicides w^ere 
applied in each case in holes pierced with a crowbar to a depth of 6 
incmes. One such hole was used for each 6 inches square of the area to 
be treated, or four holes to each square foot. The holes were located 
by measurement uniformly over treated areas. 

^ Keaeiv6(l for publication July 14^ 1937. issued May 1938. Contribution No 408. Teobuical Series. Texas 
Aerioultural Experiment Station. 

* Reference is made by number (italio) to Literature Cited, p. 593. 

* Tbe pentocblorethane and tetracbloretbane used in these experiments were furnished through the cour¬ 
tesy of the E. ^ H. Chemicals Oepartment, E. 1. du Pont de Nemours & Co. 
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The laboratory results (i) had indicated that while fungicide con¬ 
centrations of 100 parts per million of the soil weight were effective in 
closed jars, concentrations of 500 to 1,000 parts per million would 
probably be necessary for effective use under more or less adverse con¬ 
ditions. Accordingly, the following rates were calculated: 


Equivalent to concentrations as 

Hates of application, as parts per million of soil weight 

grams per square foot to a depth of 4 feet 


249- 

166. 

83 -. 

41.5- 


1,500 
1, 000 
500 
250 


It should be emphasized that w^hile the theoretical depth of 4 feet 
was arbitrarily used in calculating rates of application, the fungicides 
were actually applied only in the holes 6 inches deep, and not to the depth 
mentioned. Weights of fungicides for each hole were calculated to 
volume. These volumes were measured in the field for each hole, the 
material was poured in, and the soil pushed into the top of the hole. 
Each hole was covered in this way with soil rapidly enough to avoid 
appreciable evaporation of the volatile materials from the open holes; 
but the materials were found to evaporate later through the soil. 
Odors of the various fungicides were noticed over treated plots for 
several days or even weeks after the materials had been applied. 

The first field trials of these volatile fungicides were made by ap¬ 
plying them in relatively small areas surrounding plants recently 
attacked by root rot, and then after various periods digging out the 
roots of the plants and determining the viability of the fungus on and 
within the roots. Tlie roots were obtained by digging a trench rn^ar 
the plants, and then separating the roots of each plant from the soil by 
carefully picking the remaining soil away with ice picks. The roots 
were cut at once into sectioi:is corresponding to the depths in the soil, 
and placed in mason jars containing a little water. Those jars were 
taken into the laboratory, the excess water was poured out, and 
Houston black clay surface soil containing 25 percent moisture on an 
air-dry soil-weight basis was filled in around the roots. Soil cultures 
prepared in this way are a more reliable means of demonstrating the 
viability of Phymaioiriehum omnivorum 6n diseased roots than are 
cultures prepared ascptically on culture media {6^ p, 771). The fungus 
if alive grows out from the root and develops in the soil-glass interface 
where it is readily observed. In the present experiments, soil cultures 
were observed usually for 4 to 6 weeks, and doubtful growth was al¬ 
ways examined under the microscope. 

Absence of growth in soil cultures made in this way from treated 
roots was taken to indicate that the fungus was not viable. However, 
two possible sources of error should be noted, (1) A root from a 
treated area might carry with it fungicide taken up from the soil and 
inhibit growth from fungus material not actually killed, (2) An area 
selected for experimental treatment might be one in which plants Imd 
been attacked by the disease some time before. As has been pointed 
out {6, pp. 768-778), Phymaioiriehum omnivorum has never been re¬ 
covered by the writer or his associates from thoroughly decayed roots 
of plants that have succumbed to the disease, and failure to obtain the 
fungus from fungicide-treated roots of this kind could not be consid¬ 
ered evidence that the fungicide had killed the fungus. To obviate this 
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difficulty, these experiments were invariably carried out with plants 
only recently attacked, on the roots of which the fungus would still be 
advancing actively, and untreated, check areas were always selected 
with the disease in comparable stages. 

RESULTS OF APPLYING THE MATERIALS AROUND DISEASED 

PLANTS 

APPLICATION OF TETHACHLORETHANE AROUND COTTON PLANTS IN 1933 

A preliminary field test with tctrachlorethane was run in a cotton 
(Gossypium hirsutum L.) field at College Station during the fall of 
1933. Ten comparable areas were selected, on September 21, along 
the advancing margins of root rot spots. Tetrachlorethane was 
applied in areas of 12 square' feet, the treated areas extending 4 feet 
along the row and 1)2 feet to each side. Each area included several 
plants that had just succumbed to root rot and several others that 
as yet showed no signs of the disease above ground, but were presum¬ 
ably already infected. Three areas in dilferent parts of the field were 
marked off and treated at IGG g and three at 83 g per square foot, and 
four additional areas w^rc held as checks. 

Close observation during the experiment showed no definite injury 
to the treated plants that could be attributed to the tctrachlorethane. 
Plants in adjoining row’s, only 1K feet from the treated areas, showed 
no injury from the tetrachlorethane during the several months before 
frost. 

The effc^ct of the treatment on the root rot fungus was determined, 
after 21, and 32 days, by excavating sample areas of each rate of 
application and the checks. Trenches 2 feet deep were dug next to 
the plants, and the roots were separated and placed in soil cultures 
for testing as described above. The results are summarized in table 1. 


Table 1 . —Effects of tetrachlorethane applications at different rates arovnd cotton 
plants vnih root rot, September 19SS 


Hate of npplieution per square foot (grams) 


106. 

83. 

0 (checks) 


I' 

i Interval 
before ev* 
c^vatioii 

1 of roots 


I Results of testinp portions of 
roots in jars of moist soil 

in plot 

Portions 

1 Portions 

yielding 


tested 

Phymatotrichum 

. . 

___ 

__ 

ommrorum 


Number 

Number 

Number 

Percent 

1 15 

H 

20 

0 

0 

{ 21 

5 

15 

0 

0 

1 32 

6 

15 

0 

0 


7 

18 

I 

6 


7 

21 

0 

0 

1 32 

7 

23 

! ^ 

0 

f 16 

7 

25 

15 

60 

1 21 

4 

15 

4 j 

27 

1 32 

0 

14 

2 

14 

1 32 

f) i 

12 

1 

8 


Profuse Phymatotrichum strand growth developed from the roots 
of at least one plant from each check area. From the 39 cotton plants 
from the treated areas, on the contrary, there was growth only from 
the 12- to 18-inch deep portion of one taproot, in exceptionally dense 
clay, from a plot treated at the lower rate and dug after 15 days. As 







582 


Journal of Agricultural Research voi,No.« 


will be noted in figure 1, this root was located near the edge of the 
treated area. 

Figure 1 shows diagrammatically the results obtained from the 



C 


summary of results in plots excavated Ifi days after tetraohlorethane was 


t^ee plots excavated 15 days alter tetrachlorethane had been applied. 
It will be noted that the root rot fungus had been killed by this time 
on roots from the treated area, with the exception mentioned, but 
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A 



Fkjiitbk 2.- 'J>iagnwninatic summary of results in plots excavated 34 to 39 days after industrial xylol was 
applied In areas designated by braces. Cotton plants were located within the plot.s at approximate 
positions shown. Hoots were cut Into ]>ortions as indicated, later growth of PhymaiiJtrichum strands 
from these portions in soil cultures being indicated by + and lack of growth hy —; j4, application at 
rate of 160 g per square foot; application at rate of 83 g per square foot; C, application at rale of 41 5 g 
I>er square root. 




584 


Journal qf Agricttliural Research 


Vol. 66, No, g 


that it was still alive on portions of roots from the untreated check, and 
on roots from plants immediately adjoining the treated area. Growth 
of Phymaiotrichum resulted also from portions of roots from adjoining 
rows, only 1% feet distant from the side of the treated areas. Similar 
additional tests with roots of plants from outside the treated areas 
were made on each of the three dates of harvest, and it was found 
uniformly that very little if any toxic effect had occurred more than a 
few inches horizontally beyond the areas in which the tetrachlorethane 
had been applied. 

Downward permeation of the tetrachlorethane through the soil was 
evidenced by direct observation of the odor while the roots were 
being dug, as well as by the indirect evidence of the effect on the 
fungus. In at least one instance, the tetrachlorethane odor was strong 
in soil at a depth of 28 inches, after 3 weeks. The odor was still notice¬ 
able in the soil at the end of the experiment, after 32 days. 

In this experiment, tetrachlorethane applied at 166 g per square 
foot, in holes only 6 inches deep, was successful in killing or at least 
permanently inhibiting later growth of the fungus on or within 
affected cotton roots down to a depth of at least 2 feet. Application 
in four holes per square foot was evidently sufficient for reasonably 
uniform permeation despite the dense subsoil. 

APPLICATION OF TETRACHLORETHANE AND XYLOL AROUND COTTON PLANTS. 

IN 3034 

A more extensive series of tests was run in the fall of 1934 in the 
same cotton field at College Station. On August 29 and 30, 24 com¬ 
parable areas were marked off on the advancing edges of root rot 
spots in this field. As before, each plot was carefully located to 
include some plants already showing signs of root rot and others as 
yet without above-grojind symptoms. Each plot extended 5 feet 
along the row and 2 feet to each side. Applications were made on 
18 plots, the remaining 6 serving as checks. Duplicate plots were 
used, the applications being at the rate of 166,83, and 41.5 g per square 
foot for industrial xylol, commercial refined tetrachlorethane. and 
crude tetrachlorethane. Roots from half the plots were excavated 
after 15 to 19 days, and from the other^lots after 34 to 40 days. These 
plots were excavated usually to depths of 3 feet or more, but few roots 
were recovered at greater depths than 24 to 28 inches (jfig. 2). 

The results of this experiment are summarized in table 2. At 166 g 
per square foot perfect control was obtained on deep and shallow' 
portions of the roots with all three fungicides. At 83 g per square foot, 
the results were similar except that Phymaiotrichum growth was 
obtained from 3 of the 112 portions of roots tested. At the lovrest 
concentration, 41.5 g per square foot, the fungus remained alive in one 
root exposed to crude tetrachlorethane and in several roots exposed 
to xylol (fig. 2), and grew from 7 of the 79 portions tested. In the 
accompanying tests of untreated check plants, the fungus grew from 
40 of the 111 root portions tested. 

The roots excavated after 39 days from the plot treated with xylol 
at 41.5 g per square foot yielded a higher percentage of living Phyma- 
totrichum than did roots from untreated plots excavated after the same 
interval. Tliis is possibly to be explained as follows: In check plots, 
the viability of the fungus decreased in general with time (tables 1 
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and 2) as a result of gradual decay of roots and subsequent death of 
the fungus. But in the plot mentioned, continued decay of roots 
presumably was held in check by the xylol, which, however, was not 
maintained at a concentration sufficient to kill the fungus. With 
gradual dissipation of the xylol during the 39-day interval, the fungus 
was therefore still viable. Similar apparently favorable effects of 
low concentrations of fungicides have sometimes been found in 
laboratory tests vdth organic mercuries, which at concentrations too 
low to impede the growtli of Phymatotrichum. ormiivornm frequently 
encourage more extensive growth than in the accompanying untreated 
checks. 


Table 2,— E^ectn of applt/ing refined and crude teirachloreihane and industrial 
xylol at different rates around cotton plants with root rot^ August 1034 


P'ungicKlc 


Xylol, ijidustnal., 


Notic (cliccks). 


i Kate of 
j appljca- 
! t ion Tier 
square 
1 foot 


TetrachloreUiane. 


Tetruchloreiham*, crude.. 


Ifil} 


ha 

41. 


m 

h3 


41 . 




Results of testing portions of 

Inforval 


roots in jars of moist soil 


tM*fore 

Plunts 







cavation 
of roots 

in plot 

Portions 

tested 

Portions yielding 
Phymatotrichum 



omnivorum 


l>ays 

ir, 

Xu tuber 

XutJiber 

NumbcT , Percent 

H 

IC 

0 

0 

U 

9 

if. 

0 


1 () 

n 

23 

0 ' 


.3.- 

s 

17 

0 ' 


f 15* 

«■ 

10 

0 ! 



7 

19 

i 


f K*' 

8 

P> 

0 ! 

0 

\ HI 

; h 

21 

0 1 

0 

f K’* 

I 

10 

0 i 

0 

1 SC> 

! '1 

2 S 

1 ; 

4 

( IV* 


7 

1 

14 

\ K) 

, 10 

3.'. 

0 . 

0 

1 t:> 

, 7 

i:. 

0 1 

0 

1 34 

. 8 ■ 

i 22 

0 

0 

f H* 

7 

i 1 

<1 ! 

0 

1 .34 

i s 

22 

0 

0 

f 19 

(> 

11 ' 

ti : 

0 

\ 39 

' c 

! 17 

c 

35 

1C 

1 


2 

20 

17 

! K 

! 22 1 

t 19 , 


lu 

: 0 

! If. 

, li 

75 

34 

I 0 

27 

4 ' 

15 

39 

i 9 

21 i 

! 2 

10 

39 

S 

lb ' 

: 1 ‘ 

7 


Ill general, those results agreed with those obtained in laboratory 
studies with materials applied on the surface of soil in open jars 
(f, table 8), liidcr these conditions, a concentration of 500 parts per 
million proved too low for inhibition of growth of the fungus, while 
higher (concentrations were effective. Similarly, under the conditions 
of the present experiment, applications of Ijetween 83 and 100 g per 
square foot of any of the fungicides used will probably be necessary. 
The present experiment (‘onfirnied the test of the previous year in 
indicating that treatments of this kind could kill tlie root rot fungus 
in and on cotton roots well below the depth at which the fungicides 
wore applied. 

APPLICATION OP PENTACHLORETHANE AROUND A CHINABERRY THEE, IN JULY 1931 

A lO-yeiiT-old chinaberry (Melia azedarach L.) tree, just beginning 
to wilt from an attack of root rot, was used for the following experi- 

04184—38-3 
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ment. An area 8 by 16 feet at one side of the tree was treated with 
pentachlorethane at the rate of 166 g per s^are foot. The soil at the 
other side of the tree was left untreatM. Plots approximately 5 by 5 
feet were excavated after 3 and 6 weeks from the treated and from the 
check areas. The roots within the plots were removed to a depth of 
about 5 feet, sawed into convenient portions, and placed as usual in 
soil cultures. 

A condensed summary of the results is given in table 3. Of the 
roots from the treated area, only one portion one-half inch in diameter, 
taken after 3 weeks from a depth of 33 to 39 inches, yielded viable 
Phymatotrichum. Other infected roots of various diameters up to 
2 inches and located to a depth of 5 feet in the treated area failed to 
yield growth of the fungus. This is of less significance, however, since 
the deeper roots from the untreated, check area also failed to yield 
growth, the growth recorded coming from roots at a depth of 12 to 18 
inches. 

APPLICATION OF PENTACHLORETHANE AROUND AN ELM TREE IN AUGUST 1934 

A 9-year-old elm (lUmus pumila L.) tree just showing signs of 
root rot was used in tliis experiment. An area 8 by 16 feet at one side 
of the tree was treated with pentachlorethane at the rate of 83 g per 
square foot. Roots were excavated after 31 days from a 6- by 6-foot 
plot within this treated area and from a similar plot on the other side 
of the tree. The results are given in table 3. 

Table 3 .—lienulU of applying pentachlorethane at the rate of 160 g per square foot 
around a chinaherry tree and of 8S g per square foot around an elm tree, both of 
which were affected with root rot. 


Tree and location of plots 



j Interval 
tl>eforp ©3c- 
j cavation 
of roots 


Hesults of testing of portion.s of 
roots in jars of nioi.st soil 


} 

Tortious I 
tested [ 

i 


Tortlons yieMing 
Phymatotrichum 
ommvoTum 


Chinaberry: 

Treated area.. 

Untreated area (checkj. 
Elm: 

Treated area. 

Untreated area (check) 


Daytt 

Number 

Number 

Percent 

21 

51 

1 

2 

42 

:j;t 

0 

0 

‘£A 

4 ! 

2 

5 

4'd 

33 

0 

IH 

1 

81 1 

36 

0 

0 

31 

42 

22 

52 


The roots from the treated area, within which the fungus apparently 
was killed by the relatively light treatment, varied from % inch to 2 
inches in diameter, and were found at depths of 4 to 20 inches only, 
although the excavation was continued to about 5 feet. Strand 
growth from the untreated roots was from roots ^ to 3 inches in 
diameter, found at depths of 4 to 12 inches only. Phymatotrichum on 
the shallow roots of this elm tree was killed by application of pcnla- 
chlorethane at 83 g per square foot. 
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ATTEMPTED ERADICATION OP ROOT ROT WITH TETRACHLOR- 

ETHANE AND XYLOL 


While the experiments summarized above indicated that the fungi¬ 
cides applied at 83 or 166 g per square foot would kill the root rot 
fungus on roots within the treated are^, they did not indicate whether 
such treatment would actually eradicate the fungus from infested 
areas. Phymatotrichum may survive on deeper roots than those 
recovered for testing, and it may survive also as sclerotia at various 
depths in the soil. The following experiment was therefore planned 
as a rather crucial test of the possibility of eradicating root rot by 
applying the fungicides by the method used in the other tests—that is, 
in holes punched to a depth of 6 inches. 

The applications w'ere made in plots bordered by “sorghum bar¬ 
riers.” This precaution had not previously been used in experiments 
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Fi*iUUE :i -“DiHjjrani of two plots ased in tlio eradication cxperinietil, showinR oYtent of root rot in l9:io 
CJontinuous lines show edges of areas treated in 1934 with xylol and tetrachlorethane, respectively, and 
hachured lines show’ location of sorghum barrier row’s Dots indicate winters where root rot first recurred 
on July 29, 1935, an<l hca\ > linos Iho extent of root rot spread from these points !>y October 29, 193 > 


on the eradication or control of Phymatotrichum root rot, and the value 
of such experiments had been weakened by the possibility that areas 
from which the fungus had been nearly or quite eradicated might 
periodically be reinfested from adjoining untreated areas. tMien 
cotton plants are used, this source of error can now be eliminated 
since it has been shown (7) that a few intervening rows of sorghum 
plants will act as a barrier to prevent spread of root rot from infected 
cotton plants into an immediately adjoining uninfested plot, over a 
period of years. A plot completely enclosed by rows of sorghum 
plants should, therefore, be safe from the spread of root rot from neigh¬ 
boring plots. Tliis being so, it is possible to determine accurately the 
immediate or cumulative effect of attempted eradication or control 
methods. In the present experiment, the sorghum barriers along the 
sides of the plots consisted of three rows 2 feet apart. The ends of the 
plots were protected by planting sorghum for 3 feet at each end of each 
row of cotton. Each plot was thus enclosed completely by the sorghum 
border without interfering with cultivation (fig. 3). 
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Table 4. —Synopsis of root rot eradication experiment by the use of xylol and tetra 
cklorethane in field plots of cotton guarded by sorghum barrierSy^ 1934 





Centers 
of infec¬ 
tion a?)- 
poaring i 
after the 
treat- ' 
meut 

j 

Results In 1935 

Plot 

No. 

Fungicide, applied at 249 
g per «(iuare foot 

Time ami conditions of ai>- 
plication 

Plants { 

Plants with root roi 
on— 




Aug. 20 

Oct. 29 

1 

Xylol. 

Apr. lii-23, in wet soil.. 

Numhtr 

1 

Number 

281 

Percertt 

l.H 

Percent 
•28.1 

2 

Tetrachlorethane. 

Apr. 2-0, m wet soil . _ 

3 

336 

0 

1.3. 4 

3 

X\loL_. 

Aug. 9-11, In dry soil..._ 

2 

29.5 

4.4 

47. 5 

4 

Tetrachlorethane.. .. 

Aug. 7-8, in dry soil_ . 

2 

300 

523 

4.0 

37. 0 

5 

i None (check). 


(*) 

99.8 

100 0 


i Plots 1 and 3 were each 20 by 30 foot m size, plots 2 and 4. 20 by 34 feet; and plot 5. 20 by 64 feet, 
a About 55. 


The experiment was located on plots that had served as check 
areas in a previous experiment. Root rot was introduced here by inocu¬ 
lation in 1929, and had become increasingly prevalent on cotton grown 
year after year, atta(^king nearly 100 percent of the plants in 1931, 
1932, and 1933. The general plan of the present experiment included 
treatments with xylol and tetrachlorethane at the liigh rate of 249 g 
per square foot in wet soil in spring and in dry soil in summer (table 4). 
The applications in plots 1 and 2 were made before the crop was 
planted, in soil so w'ct that the fungicides were absorbed quite slowly 
from the holes into wddeh they w^ere poured. The applications in 
August were made after a long drought, and the fungicides were 
absorbed rapidly into the soil. 

INJURY FROM THE FUNGICIDES 

Cotton and sorghum were planted in these plots a month after the 
tetrachlorethane w’^as applied in plot 2, and only 2 wrecks after xylol 
was applied in plot 1. A good stand, with relatively little retardation 
of growth, was obtained in plot 2, but after repeated planting only 
occasional stunted plants w^ere obtained in plot 1. In plots 3 and 4 the 
fungicides w’ere applied around the growing cotton plants and caused 
severe injury. Within 1 month the plants in plot 4 w^ere dead, and a 
month later all the plants in plot 3 had succumbed. 

On March 7, 1935, small chinaberry, trees wore planted in each- 
treated plot, and these as well as the cotton, planted April 1, shownxi 
residual injurious effects of the treatments. By June 29 the con¬ 
dition of the plants was a.s follows: 

Plot 1, cotton plants 60 to 110 cm tall, cbinaberry trees all alive. 

Plot 2, cotton plants 15 to 25 cm tall, chinaberry trees all dead. 

Plot 3, cotton plants 80 to 110 cm taU, chinaberry trees all alive. 

Plot 4, cotton plants 60 to 95 cm tall, chinaberry trees 9 of 12 alive. 

A full year after the tetracUorethane was applied in the wet soil in 
plot 2, there was still severe injury, while the same material applied 
onljr 8 months previously in dry soil caused less injury in plot 4. 
Neither of the xylol-treated plots show^ed definite injmy from the 
fungicide in 1935. Xylol was thus much less injurious than tetra¬ 
chlorethane both in immediate and residual effects. 
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KE(’UURENCE OF ROOT ROT 

Following the fungicide applications in 19114, root rot was observed 
only in plot 1. It appeared in October in a single center, and by 
December 10 had involved 6 of the 343 plants in the plot. 

In 1935, the treated plots were still free of above-ground evidence 
of root rot until the end of June. By that time more than 20 percent 
of tlie plants in the check plot had been killed by the disease, which 
appeared at numerous points along each row. Root rot was observed 
in the treated plots on the following dates: Plot 1, July 6; plot 2, 
September 19; plot 3, July 2(); and plot 4, July 26. It spread rapidly 
from only a few centers in each plot, and had involved a total of 30 
plants by August 20, when all but one of the plants in the check plot 
had succumbed to the disease. Hovrever, tlie need of complete eradi¬ 
cation to make fungicide treatment of value w^as well illustrated by 
the continued si)read of root rot after this date over a large portion 
of the treated plots (table 4). Of 29 cianaberry trees that survived 
injury from the fungicides, 10 were killed by root rot in 1935. 

The incidence of root rot in these treated plots was delayed and 
the prevalence of the disease reduced during the season following 
treatment, but the treatment failed to eradicate root rot. Possible 
causes of this failure arc discussed below. 

EFFECTS OF THE FUNGICIDES ON HOST PLANTS 

Most of the experiments to determine the fungicidal value of the 
materials furnished little evidence as to their effect on the host plants, 
since the plants w^ere dug out generally within a few weeks after 
treatment. Data were therefore obtained on this point l\y special 
treatments around some trees and shrubs growing in an experimental 
nursery at College Station, in small plots extending 10 feet along the 
rows and 2 feet to each side. During the summer of 1934, fungicides 
were applied within 20 such areas at 166, S3, and 41.5 g per 
scpiare foot . 

Of the three fungicides, tetrachlorethanc was rapidly and severely 
injurious, xylol next, and peritachlorethane was least injurious. Oude 
tetrachlorethanc w^as approximately as injurious as the refined totra- 
chlorethauc, in a few tests. Rows of pomegranate {Tunica granatum 
L.) bushes were treated at 166 g per square foot early in Maj\ 
The tops of about 90 percent of those treated with pentaclilorethane 
were apparently uninjured 6 months later, whereas most of those 
treated with tetrachlorethanc were dead, llackberry {Ccltis laevigata 
Willd.) trees treated in May with tetrachlorethanc and xylol at 166 g 
succumbed during July and August, respectively, while trees treated at 
the same rate with pentachlorethane were still apparently uninjured 
a year later. Similar results were obtained with some other plants. 

The final effects of the various treatments are sununarized in table 
5. It will be noted that hackberry and retama {Parkinsonia aculeata 
L.) trees, and most of the pomegranate bushes, survived the highest 
rate of treatment with pentachlorethane without definite injury. At 
the same rate, the tetrachlorethanc and xylol treatments killed hack- 
berry trees and more than half of the pomegranate bushes, only the 
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retama proving resistant. In descending order of susceptibility to 
fungicide injury, the plants ranked approximately as follows: 

Live oak {Quercus virginiana Miller), elm, ilex, hawthorn (Cra- 
iaegus)j hackberry, pomegranate, and retama. 

Table 5. —Summary of injurious effects produced within 1 year by applications of 
volatile fungicides in soil around woody plants in nursery rows 


Materials and rates applie<l 
(graniwS per square loot) 

Plaiit.s killed 

Plants surviving 

Tetrachlorethane; 

166. 

1 

Hackberry: ilex; pomegranate, 75 
penjent. 

Live oak; pomegranate, 70 i)ercent- 

lletaina; pomegranate. 2? i)ercent. 

Hackberry; pomegranate, 30 per¬ 
cent. 

Hackberry; pomegranate. 

1 Retama; pomegranate, 45 percent. 

Hackberry; pomegranate, 80 per¬ 
cent. 

Hackberry, hawthorn, pomegran¬ 
ate. 

Hackberry; retama; pomegranate, 
70 percent. 

Hackberry; pomegranate, 75 iHsr- 
cent. 

Hackberry. 

83. 

41.6. 

Xylol: 

166. 

Hackberry; pomegranate, 55 per- 
c*ent. 

Elm; pomegranate, 20 i)ercent-.. - 

83.-. 

41.5. 

Pentachlorethane; 

166. 

Pomegranate. 30 percent. 

83. 

Pomegranate, 25 percent. 

41.6. 





A special comparison was made of xyJol applied throughout an 
area 5 by 5 feet square around a hackberry tree, and in an area 
similar except that a 2- by 2-foot space was left untreated imme¬ 
diately around the trunk of the tree. The first tree showed yellowed 
leaves soon after treatment and w^as dead by the end of the season, 
whereas the second tree was apparently uninjured a year later. 

In general, the thre6 fungicides were injurious to some plants at 
the two higher concentrations, only the lower rate of 41.5 g per 
square foot proving generally safe. Since by the method of appli¬ 
cation used this lower rate w^as not uniformly effective against the 
root rot fungus on diseased plants, curative treatment of infected 
woody plants with these fungicides^ will probably bo impractical. 
For further experiments, pentachlorethane would be suggested rather 
than either of the other materials, since of the fmigicides tested it 
was least injurious to the plants and most effective against the fung\is. 
In experiments aimed at eradication of root rot without particular, 
consideration of plants already growing in the infested area, the less 
expensive ^ (although more injunous) tetrachlorethane or xylol might 
be given first choice. Tetrachlorethane may be expected t»o have a 
much longer residual injurious effect on future plantings than xylol, 
so xylol might somewhat arbitrarily be suggested as possibly the 
most promising of tl;e three materials for further consideration in 
eradication experiments. 

DISCUSSION 

A chemical eradication method for use against Phymatotrichum 
root rot would be valuable at the present time for experimental and 
limited practical use only. It would be used, as was pointed out 


. * rentacblorothane ws$ available at about 16 cents, tetracbloretbaue at 8 cents, and industrial xylol at 
about 4 cents per pound respectively. 
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earlier 6), chiefly for small root rot spots occurring in otherwise 
uninfested areas and for emergency eradication should the disease 
be carried to new areas. Such a method mi|?ht later be of value 
also for eliminating final points of infestation in fields where partial 
eradication had been attained by other and less costly methods. In 
any case, practical use of fungicides for treatment of the soil would 
seein to be limited to materials and methods that can effect actual 
eradication of the fungus, since partial control would scarcely justify 
the cost of materials and labor. Complete eradication would be par¬ 
ticularly desirable when planting susceptible trees and shrubs in 
previously infested soil, since even scattered infection by Fhymato- 
triclmm causes rapid loss of orchard and other susceptible perennial 
plantings {8). 

The experiments reported above included field tests of pentachlor- 
ethane, tetrachlorethane, and xylol, applied always in holes 6 inches 
deep and covered only by pushing sod into the holes. Treatments 
around infected plants in small plots, as summarized in tables 1 to 3, 
indicated that under these conditions applications of 83 to 166 g per 
square foot regularly killed the fungus on and within roots of the 
])lants down to the depth recovered. Of 253 portions of roots tested 
from plots treated at the higher rate, the fungus was viable only on 
1 portion taken from a depth of 33 to 39 inches. With this excep¬ 
tion, inlected roots recovered to depths of 2 feet or more did not 
yield growth ()f Phymaiot) ichum strands, although the fungicides had 
been a})plied in holes only 6 inches deep. These licld results thus 
confirmed the preliminary laboratory results wliich had suggested 
that the materials used liere were capable of rapidly permeating the 
soil as well as killing the root rot fungus in approximately the con¬ 
centrations provided by these applications. 

Tlie high cost of chemical treatment of the soil would be justified 
for therapeutic trcatnient- of valuable diseased trees and shrubs if 
the fungicides could be used without injury to the host plants in 
concentrations sufficient to kill the fungus. The applications re¬ 
ported in the jirosent paper suggest that this will probably not be 
possible, at least by the method of application used in these experi¬ 
ments. In general, applications at 83 or 166 g per square foot 
injured some of the plants tested. The lower rate, 41.5 g per square 
foot, did not injure the plants used in these tests, but it failed to 
kill the fungus in some cases. Curative treatment of infected woody 
plants with these fungicides wdll probably be impractical. 

The possibility of using tetrachlorethane or xylol for eradicating 
root rot from infested plots w^as explored in a separate experiment 
in which the^ freedom from root rot of the succeeding crops was used 
as the criterion rather than the death of the fungus on roots recov¬ 
ered from treated plots. Root rot was markedly diminished in the 
treated plots, but recurred in each case from a few scattered points. 
Since the experimental plots w'^ere adequately guarded by sorghmn 
barriei-s, this recun-ence of root rot well inside the treated plots was 
due not to re-encroachment of the fungus from surrounding untreated 
areas, but to failure of the treatment to eradicate the fungus from 
the plots. This might be explained in several ways: (1) It might be 
assumed that the fungus survived as sclerotia or on roots located at 
a greater depth than that reached effectively by fungicides applied 
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iti holes h inches deep; or (2) it might be that even at the dei)<.hs 
rea.<*hed by tlic fungichles they were not able to kill the fungus under 
all the soil eoixlitions encountered; or (3) continuing evaporation of 
the fungicides from the surface vsoil might ha ve prevented an effective 
concentration from being maintained, particularly at points fairly 
near the surface. Results in line with this third hypothesis were 
obtained in laboratory experiments with open jars exposed to a 
current of air (1, experiment C20), Similarly, Godfrey and his asso¬ 
ciates {S, 4) found in experiments for the control of nematodes, that 
to prevent rapid evaporation of chloropicrin from the soil it was 
necessary to confine it by a cover of some impervious material. 
Paper coated with glue was more satisfactory than other soil cover¬ 
ings tested. 

It seems possible, then, that failure of tetrachlorethane and xylol 
to eradicate root rot in the treated plots may have been due more to 
evaporation of the fungicides from the surface tlian to failure of these 
materials to be sufficiently fungicidal or to penetrate the soil ade¬ 
quately. Further experiments might show that covering the surface 
of the soil would so increase the efficiency of these materials that 
they would be able to eradicate the root rot. Meanwhile, despite the 
promising results obtained from applications of these fungicides around 
uifectcd plants, the other results recorded do not justify recommend¬ 
ing them for practical use against Phymatotrichum root rot. 

SUMMARY 

In field tests against root rot caused by Phymatotrichum omnworum^ 
pentachlorethane, tetrachlorethane, and xylol were applied in holes 
pierced to a depth of 6 inches in the soil, and covered only by pushing 
soil into the holes. 

These materials were applied first in small plots around infected 
cotton plants and chiiiaberry and elm trees. After various periods, 
the efficacy of the materials in killing the fungus on roots was deter¬ 
mined by excavating the roots to a depth of 2 feet or more and cul¬ 
turing portions in jars of soil. Roots recovered from plots treated 
at 166 g per square foot yielded Phymalotrichum growth from only 1 
of 253 portions; plots treated at 83 g per square foot from 2 of 210 
portions; plots treated at 41.5 g per square foot from 7 of 79 portions: 
and untreated check plots from 92 of 293 portions. The fungicides 
were effective to at least 2 feet below the depth at which they were* 
applied. 

Xylol and tetrachlorethane were applied at 249 g per square foot in 
an experiment designed to test the ability of these materials to 
eradicate root rot from infested plots. The plots were bordered by 
“sorghum barriers” to prevent re-encroachment of root rot from 
adioming untreated, areas. Incidence of root rot was markedly 
delayed and its prevalence reduced during the season following 
treatment, but the disease recurred in each plot from isolated centers 
of infection. 

Applications around growing trees and shrubs showed that tetra- 
chJorethane was rapidly and severely injurious to host plants, xylol 
next, and that pentachlorethane was least injurious. In general, 
applications at 166 or 83 g per square foot injured some of the plants, 
but no injury was found after treatment at 41.5 g per square foot. 
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The order of susceptibility to fungicide injury, of the plants tested, 
was approximately as folloWvS, the more susceptible being listed first: 
Live oak, elm, ilex, hawthorn, hackbeny, ])omegraiuite, and retama. 
liesidual injurious elFects on crops planted later were mu(di more 
severe after treatment of soil with tetrachlorethane than after treat¬ 
ment with xylol. 

Failure of tetrachlorethane and xylol to eradicate root rot com¬ 
pletely from infested plots was possibly due more to loss of the fungi¬ 
cides from the surface soil than to failure of these materials to be 
sufficiently fungicidal or to penetrate the soil adequately. Further 
experiments witli the surface of the soil covered to lower evaporation 
losses are suggested. Meanwhile, the results do not justify recom¬ 
mendation of these soil fungicides for practical use against Phyma- 
totrichum root rot. 
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A CYTOLOGICAL STUDY OF HOST-PARASITE RELATIONS 
OF VENTURIA INAEQUALIS ON APPLE LEAVES ‘ 

By Charles J. N usbaum, formerly research assistant in plant pathologyj and G. W. 
Keitt, professor of plant pathology, Wisconsin Agricultural Experiment Station 

INTRODUCTION 

Venturia inaequalis (Cke.) Wint. is representative of a group of 
phytopathogenic fungi characterized by a very distinctive type of 

1 )arasitism. Though its invading mycelium is cluiracteristically 
imited to a subcuticular position, nevertheless the fungus has inti¬ 
mate relations with the underlying host tissues, from which it derives 
substantial nutriment and upon which it exerts important influences. 
The end results of infection in terms of the efficiency of fungous nutri¬ 
tion and the range of congeniality of host-parasiU^ relations are very 
similar to those of invasion by many of the so-called obligate parasites. 

Thougli excellent cytological studies have been made on the host- 
parasite relations of various jfliytopathogenic fungi, especially the 
Uredinales (e. g., S, 4i ^4^ 29)^^ comparatively little attention 

has hitherto been given to similar studies within the group of which 
Venturia inaequalis is typical. The classical contributions of Ader- 
hold (Jf, 2) laid the foundation for such investigations. Wiltshire/s 
{S3) excellent study substantiallv supplementecl Aderhold’s work, 
especially with ref(‘rence to the details of penetration of the cuticle 
and the early phases of establishment of the parasite in the subcuticular 
position, little detailed consideration, however, has been given to the 
distinctive phenomena of parasitism and pathogenesis in the later 
stipes of the host-parasite relations. 

The. investigation reported herein {15) w as undertaken in the hope 
of contributing to the description and interpretation of the phenomena 
of parasitism of Venturia maequalis and the resistance offered by cer¬ 
tain of its hosts. This w'ork is an outgrow th of a series of studies of 
apple scab and related problems that has been in progress at Wis¬ 
consin for some yearn (7, 5, 11, 12,14f 15\ 17, 19, 20, 21, 32), and is a 
companion study to an investigation on apple rust {18), in which is 

f iyen a brief review of literature pertinent to both lines of work. 

)iscussions of literature relating especially to the initial stages of 
infection by V. inaequalis are given by Wiltshire {3S) and Keitt and 
Jones {14)* Brown and Harvey (6*), Brown {5), and Rice {^23) have 
reviewed the literature of the broader field of host-parasite relations. 

MATERIALS AND METHODS 

Two monoconidial isolates of Venturia inaequalis w^ere employed. 
These cultures were originally isolated by Palmiter {20), and his 
designations are retained m tliis paper. Isolate 17 was obtained from 

^ Keoeived for publication October 6, 1037; Issued May 1038. This work was supported in part by 
(uunts from the Wisconsin Alumni Kcsearch Foundation and the Joseph Henry Fund of the National Acad- 
emy of Sciences. 
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infected Famense apples {Malm sylvesiris Mill.) and 22 from infected 
Delicious apples, both from Wisconsin orchards. These isolates 
were chosen because they sporulated well on artificial culture media 
and differed in their capabilities of infecting the foliage of certain 
apple varieties. 

Having been carried in culture for several years without host pas¬ 
sage, each isolate was inoculated on apple leaves, and monoconidial 
reisolations w^ere made by Keitt’s (10) method. The reisolates con¬ 
formed closely to Palmiter^s descriptions, except that they sporulated 
more abundantly in culture and seemed to show certain differences 
from his results in degree of infection. The latter are attributable in 
part to differences in the methods of classification employed. How¬ 
ever, the possibility that the isolates may have undergone some 
change in culture is recognized. 

The apple varieties enmloyed were Fameuse, Yellow Transparent, 
and Missouri Pippin. These had been included in Palmiter^s infec¬ 
tion studies and found to react diflercntly when inoculated with the 
two isolates mentioned above. Preliminary infection experiments 
with the rcisolates showed that these varieties were suitable for the 
present investigation. 

Two-year-old nursery apple trees were placed in galvanized-iron 
containci*s in about 8 kg of soil (3 parts compost soil and 1 part sand), 
adjusted, and held at 70 percent of the maximal water-holding capac¬ 
ity (31, V. 1, p. 150). After being rooted in a cool basement for 2 to 
3 weeks, they were placed on a greenhouse bench. All trees w^ere 
kept in the same greenhouse under comparable environmental con¬ 
ditions. Twm shoots were allow'ed to develop on each tree. When 
the shoots were about 15 to 20 inches long and showed 14 to 18 leaves, 
they were inoculated. At the time of inoculation, a bit of string w'as 
tied about the petiole df the youngest leaf of each shoot to facilitate 
identification of the inoculated leaves after further growth had occur¬ 
red. Fumigation was employed as necessary to control insects. 

The spores used for inoculation were produced by cultures grown on 
cheesecloth *^wicks” saturated with nutrient solution in 12-ounce 
medicine bottles. A 15- by 8-cm strip of cheesecloth was placed in 
each bottle with about 10 cc of nutrient solution (3 percent Trom- 
mer’s malt extract), so that it formed a closely adherent lining for one 
of the walls. The bottles w^ere then sterilized in an autoclave. About 
10 days before the spores were needed, the sterile nutrient solution in 
the bottles was seeded with a few drops of a suspension of conidia, 
introduced by means of a sterile pipette. The bottles were laid in a 
horizontal position for about 30 minutes to allow the spores to settle 
on the cheesecloth, then placed upright in an incubator at 20® C. for 
6 days, and after that transferred to a 16® incubator where they 
remained for from 4 to 6 days. The lower temperature favored 
sporulation. 

When a spore suspension was needed for inoculation, the pieces of 
cheesecloth were removed from the bottles and the spores washed off 
by atomizing with water. The suspension thus obtained was centri¬ 
fuged, the supernatant liquid decanted, and water added. In this 
way a suspension of washed spores relatively free from fungal staling 
product or nutrient materials could be obtained in any desired con¬ 
centration. Sterile distilled water and sterile glassware and atom¬ 
izers wife used. 
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During the greenhouse season six series of inoculations were made, 
the first on March 23 and the last on May 6. Series 1, 2, 3, 4, and 6 
were made with conidia from culture. Scries 5 was made with 
spores washed from sporulating scab lesions on apple leaves infected 
with the designated isolates for comparison. In each case the inocu¬ 
lations with the different isolates were made separately and suitable 
precautions were taken to insure against contamination. 

Each inoculation was performed in duplicate or quadruplicate, 
depending on the material available. With the exception of series 2 
and 4, four trees of each variety were inoculated with each isolate. In 
each lot 2 trees were heavily inoculated (a drop of spore suspension 
when placed on a glass slide under the microscope showing approxi¬ 
mately 150 spores per low-power field) and the remaining 2 were 
lightlv inoculated (10 spores per low-power field). The heavily 
inoculated leaves were intended for study of the early stages of 
infection, whereas the light inoculation was planned for studying the 
older lesions. One of the lightly inoculated trees of each isolate- 
varicty combination was reserved for study of macroscopic develop¬ 
ment of the disease. 

Prior to the application of inoculum each tree was thoroughly 
washed with a fine spray of tap water from an angled spray nozzle, 
gently shaken to remove the larger drops, and allowed to diy. 

The spore suspensions were applied to the upper, or ventral, surface 
of all the leaves on each shoot by means of a De Vilbiss atomizer which 
had previously been throughly cleaned and steamed for 15 minutes. 
Only one tree was inoculated at a time in a room remote from the 
greenhouse in which the remaining trees were kept. After inoculation 
the trees were placed for 36 hours in a moist chamber described by 
Keitt et al. (/3, fig. 20) at 10° C. They were then returned to the 
greenhouse. 

Fixations were made at regular intervals after inoculation. Mate¬ 
rial was collected dailv for the first 6 days and at longer intervals for 
the next 4 weeks, IVo earlier collections were made at 14- and 
20 -hour intervals, respectively, after inoculation in order to obtain 
the early stages of penetration. To promote uniformity of results 
daily fixations were made at 4 p. m. and material was always taken 
from the third or fourth leaf below the one marked with string. 

In a preliininary experiment, various fixatives ^vere trie(l in com¬ 
binations with different methods of dehydrating and staining. A 
formal-chrom-acetic mixture (1-percent aqueous solution of chromic 
acid, 100 cc; glacial acetic acid, 4 cc; 40-percent aqueous solution of 
formaldehyde, 50 cc; freshly prepared for each fixation) suggested in 
correspondence by G. H. Conant gave the best results and was used 
throughout. The n-butyl dcohol method of Zirkle (3^) was employed 
for dehydration and embedding. Sections were cut Og thick. Heiden- 
hain^s iron-alum haematoxylin was a satisfactory stain for the early 
stages of penetration because it brought out the infection hypha 
clearly. A modification of Flemming's triple stain consisting of 
safranine, gentian violet, and fast green was best for the study of 
host-parasite reactions. In studying the relationships of the fungus 
to the cuticle and the walls of the epidermal cells, sections stained in 
Delafield's haomatoxjdin and Sudan IV and mounted in glycerin 
were useful. 
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A modification of the cleared-leaf method of Peace {22) was well 
adapted to a survey of certain aspects of conidial termination, direct 
cuticular penetration, and the establishment of the fungus beneath 
the cuticle, as it afforded a means of observing these phenomena in 
toto on relatively large areas of leaf surface. Bits of leaf were collected 
14, 24, 48, 96, and 144 hours, respectively, after inoculation, fixed in 
acetic alcohol, cleared in chloral hydrate, and stained with acid 
fuchsiii in lactophenol. 

After each inoculation, material was collected for fixation and 
clearing as described above. The data reported in this paper, how¬ 
ever, are taken chiefly from series 3 because of tlm very favorable 
circumstances that attended this experiment. The trees were growing 
uniformly and vigorously and were entirely free from gi'ecnhouse 
insects. 


MACROSCOPIC OBSERVATIONS ON LIVING LEAVES 

At suitable intervals after inoculation, data w^ere taken on the 
appearance and development of infection on the individual leaves of 
one shoot from each of the trees that were set aside for this purpose. 
The results, shown in table 1, arc also representative of the infection 
that developed on the trees from which material was taken for 
microscopic study. 

Isolate 22 was'highly pathogenic on Yellow^ Transparent, strikingly 
less virulent on Fameuse, and only slightly pathogenic on Missouri 
Pippin. 

On the young leaves of Yellow' Transparent, infection became 
macroscopic the ninth day following inoculation, and the incubation 
period on the older leaves was progressively longer iH). These spots, 
at first small, indistinct, and slightly olivaceous, increased rapidly in 
diameter and began to produce conidia abundantly on about the 
fourteenth day after inoculation. Necrosis began to appear in the 
middle of these lesions about 5 days after the first snorulation. The 
necrotic area spread rapidly for the next 10 days, after which nearly 
all of the visible lesion was dead. Necrosis always followed sporula- 
tion and neither phenomenon occurr^ on leaves below the sixth (the 
one marked with string being no. 1). Development apparently 
ceased in all the lesions in from 30 to 36 days after inoculation. 

On Fameuse, infection first appeared about 12 days after inoculation, 
and was confined to the younger leaves near the tip of the shoot. The 
lesions remained small (less than 5 mm in diameter), produced no 
conidia, and necrosis was not apparent. About 3 weeks after inocula¬ 
tion, development apparently ceased, and the lesions began to change 
somewhat, becoming bronzed or reddish brown. 

On the leaves of Missouri Pippin, no macroscopic signs of infection 
were detected until. 18 days after inoculation, when minute, barely 
visible flecks appeared. Ihese flecks seemed to be more or less 
grouped together in sradl patches a millimeter or less in diameter. 
These manifestations might easily have been confused with certain 
insect punctures. Because the plants studied were free from insects, 
however, it was thought, and later proved by the cytological study, 
that the flecks actually were scab lesions. 

The symptoms that developed when isolate 17 was used with the 
same three varieties were distinctly different from those just described. 



liCsions on stated leaves, numbered serially from base to tip of shoot 
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See footnotes at end of table. 
































TABiiE \~ Occurrence of macroscopic lesions on the ventral surface of apple leaves of series 3, inoculated luiih Venturia inaequaliSf Apr. 17, 

1935 —Continued 
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Tabi*£ 2. Data 'pertaining to the inception of infection of apple leaves hy Ventttria inaequalis in the several isolate-variety combinations studied 
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In the case of Yellow Transparent and Fameuse, the degree of 
severity of infection by isolate 17 was just the converse of that by 22, 
17 being intermediately or mildly parasitic on the leaves of Yellow 
Transparent and highly parasitic on Fameuse. Infections by 17 on 
Fameuse and 22 on Yellow Transparent were closely similar with 
reference to incubation period, sporulation, and general development 
and appearance of the lesions. Infections by 17 on Yellow Trans¬ 
parent and 22 on Fameuse were also comparable in the de^ee of 
development. Missouri Pippin was decidedly resistant to isolate 
17 as well as 22, although the manifestations of resistance were differ¬ 
ent in these two isolate-varietv combinations. As mentioned above, 
isolate 22 induced minute flecks on Missouri Pippin leaves about 18 
days after inoculation. In contrast, isolate 17 on the leaves of this 
variety induced macroscopjic lesions in from 12 to 16 days after inocula¬ 
tion. These lesions were irregular and diffuse in outline and attained 
a diameter of 1 cm or more. They were pale green and easily dis¬ 
cernible, in contrast to the dark-green color of the normal Missouri 
Pippin leaf. Apparently there was no sporulation or development 
of necrosis. 

EARLY STAGES OF INFECTION 

CLEARED-nEAF STUDY 

The phenomena of the germination of conidia, formation of ap- 
pressoria, and penetration of the cuticle, as observed on cleared leaves 
examined in to to, appeared to be similar in all the isolate-variety 
combinations. Following penetration, however, there were distinc¬ 
tive differences in the extent and nature of the development of the 
mycelium in the subcuticular position. Results from microscopic 
counts and measurements made on material of each isolate-variety 
combination collected at intervals of 14, 24, 48, and 96 hours, respec¬ 
tively, after inoculation are shown in table 2. 

At the end of the 14-hour period, germination of most of the conidia 
had begun. The conidia of both isolates were usually two-celled. 
In this early stage of germination, the distal cell of the spore had 
expanded and developed a slight protuberance. The spore wall, how¬ 
ever, remained intact, forming a»»thin, slightly stained membrane 
about the protuberance. 

At the end of the 24-hour period, the process was decidedly farther 
advanced. The rudimentary germ tubes, usually from the distal coll 
as described above, had bulged at the tip to form characteristic 
appressoria, closely adherent to the cuticle. Occasionally a germ 
tube branched to form two distinct appressoria, each of which func¬ 
tioned in actual penetration of the host. Penetration from the proxi¬ 
mal cell of the conidium was less common. It was observed to take 
place in some cases without the development of a germ tube or char¬ 
acteristically differentiated appressiorium { 14 )} the cell itself being 
modified to function as an appressorium (fig. 1, i5). 

legend FOR FIOUBE 1 

FiauKK l.—Q6rmfnation of oonidia* formation of appressoria. and early development of infection from 
cleared leaves examined in toto: At Isolate 22 on Ymlow Transparent 24 hoars after inoculation; spore (s), 
appressorium with penetration pore (a), and young amoeboid primary hypba (pfc). X 200. B, Isolate 22 
on Yellow Transparent 30 hours after inoculation; proliferation of cells in j^rimary hypha {ph), young 
stolonlike hyphae («f). X 900. C, Isolate 22 on Yellow Transparent 4 days after inoculation; |)rlmary 
fungal stroma (ns), secondary lateral branches forming at stolonlike hyphae («0, lateral branch inillaLs 
(6), and secondary stromata (m). X 400. J9, Isolate 17 on Missouri Pippin 4 days after inoculation; 
mimary stromata (ps) and stolonlike branches (sf) less vigorous in appearance than those in C. X 400. 

I^late 22 on Missouri Pippin 2 days after inoculation; epidermal cdls showing necrosis are represented 
in 8|||id>ladc. X 400. F, mlate 22 on Mtssouri Pippin 4 days after inoculation: epidermal cells showing 
necrdHlrere represented in solid black. X 400. 
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In the wall of the appressorium in contact with the leaf surface a 
characteristic transparent porelike area, usually about 2 m in diameter 
(p. 603), indicated the place of direct cuticular penetration. In some 
preparations very careful focusing with an oil-immersion objective 
seemed to show the presence of the infection hypha itself at or near 
the middle of the transparent area. This image, however, was not 
distinct enough to be interpreted with absolute certainty. The 
appearance of the primary hypha beneath the cuticle, however, was 
definite proof that penetration had occurred. At the end of the 24- 
hour period, the isoiate-variety combinations of 22 on Yellow Trans¬ 
parent and Missouri Pippin and 17 on Fameuse and Missouri Pippin 
showed high percentages of completed penetration. In cleared-leaf 
preparations, the primary hypha was hyaline and only very slightly 
stained with the acid fuchsin. Unless it protruded beyond the over¬ 
lying appressorium, it was masked by this structure and, consequently, 
overlooked. In view of this fact, the figures in table 1 recording the 
occurrence of primary hyphae represent the minimal rather than the 
maximal number of actual entries that had occurred at the time. A 
typical case showing a germinating conidium, appressorium, pore and 
pnmary hypha is shown in figure 1, A. 

The single-celled, irregularly shaped primary hyphae, which were 
found in most 24-hour-old preparations, rapidly increased in size, due 
to cell proliferation and enlargement, and developed into pnmary 
fungal pads or stromata. Secondary Ixyphal branches radiated out 
from the periphery of the primary stromata. A 36-hour prepariition 
(fig. 1, B) illustrates these phenomena. 

Data taken at the end of the 48-hour period show that the develop¬ 
ment of each isolate on its most susceptible liost variety had markedly 
exceeded that of the same isolate on less susceptible varieties. For 
example, with reference to the size of the primary stromata, the number 
of secondary hyphae, and the diameters of the lesions, isolate 22 on 
Yellow Transparent, closely followed by 17 on Fameuse, was much 
more advanced than 17 on Yellow Transparent or 22 on Fameuse. 
Thus far, each of the isolates had developed only very feebly on the 
resistant variety Missouri Pippin. With isolate 22 on this variety, 
epidermal cells underlying the spreading hyphae showed brown dis¬ 
coloration, a manifestation of necrosis that will be discussed in detail 
later. The position of the collapsed epidonnal cells in relation to the 
feeble, somewhat gnarled hyphae is shown in the two camera lucida 
sketches in figure 1, E and F. Isolate 17, however, did not induce 
collapse of the underlying epidermal colls (fig. 1, D), 

In contrast to their feeble mycelial growth on Missouri Pippin, both 
isolates developed in a typically dendritic fashion on Yellow Trans¬ 
parent (fig. 1, C) and Fameuse. Proliferation of the cells of the 
primary stroma (ps) continued and from its periphery long slender, 
stolonlike hyphae {st) ra^ated outward. These hyphae at first were 
single and unbranched, with widely separated septa. Lateral branches 
arose at very sharp angles as shown at sh or at right angles (6). The 
former type radiated out in the some fashion as the stolonlike sec¬ 
ondary hyphae, wHle the latter type developed feebly to intensify 
the network or lattice arrangement of the fungal pattern. After the 
stolonlike hyphae had reached a distance of from 50 m to 100 m from 
the jmmary stroma, secondary stromata were produced. From these, 
tertiai^ branches radiated still farther. This process was repeated 
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several times during tlie spread of the lesion. Tn the isolate-variety 
combinations of 22 on Yellow Transparent and 17 on Fameuse, pro¬ 
liferation of the cells of these individual stromata often resulted in 
the development of a stru(*.ture several cells tliick, and it was from 
these stromata that conidiophores penetrated the cuticle and produced 
spores in large numbers. In the combinations of 22 on Fameuse and 
17 on Yellow Transparent, many conidiophores were formed but no 
conidia were observed. 

At the end of the 96-hour period the most significant diflerences 
were apparent in the average diameter of the lesions. The differences 
that have behn pointed out with reference to the material collected at 
the end of the 48-hour period were increased. In addition, the hyphae 
were robust in all lesions except on Alissouri Pippin, on which they 
were slender and feeble. 

PHENOMENA OP PENETRATION 

The germinating conidia of Venturia inaequalis penetrated the 
cuticle of the apple leaf directly. The process was similar in all 
details for all isolate-variety combinations. There was no cytological 
evidence to show that the cuticular barrier of young leaves in any 
way hindered the establishment of the fungus, even in the least com¬ 
patible isolate-variety combinations studied. 

Actual cuticular penetration as w'ell as the sequence of events pre¬ 
ceding: it were best observed and interpreted in preparations of 
material collected 20 hours after inoculation. For convenience sev- 
ei’al processes involved in penetration will be described separately as 
follows: 

CiERMINATION OF CONDltJM 

As described under the ^‘cleared-leaf study^’ the germ tubes were 
very short or lacking and were usually observed as mere protuberances 
from the distal, or pointed, end of the spores. During the germina¬ 
tion process, each cell of the spore contained one nucleus (fig. 2, t?). 
The distal, or germinating, cell became densely filled with protoplasm, 
whereas the proximal cell appeared to be partly evacuated (fig. 2, 
0, /, K, L). 

Formation of Apprbssorium 

The advancing tip of the genn tube soon became closely adherent 
to the leaf surface and developed into a more or less clearly differ¬ 
entiated appressorium. Viewed in cross section, the appressoria ap¬ 
peared to oe oval or rounded in outline and densely filled with cyto¬ 
plasm (fig. 2, A, B), The protoplasm stained heavily, and in some 
cases the nuclei could not be identified. Longitudinal sections (fig. 
2 , Ey Fy Oy K) clearly show that the appressorium is a swollen, 
modified germ tube tip, closely appressed to the cuticle. In many 
cases, owing to the retardation of ajiical elongation because of the 
tenacious adherence of the appressorium, the germ tube arches as 
shown in figure 2, t7, K, F, (7, H, ♦/. 




FiotTBC 9.-*V8)rious sta^ of penetration from material fixed 20 hours after inocolation with isolates 22 and 
17. j^22 on Missoori Pippin, Bt 22 on Fameuse; C, 22 on Yellow Transparent; i>, 17 on Missouri Pippin, 
Fameuse; H, ^ on Yellow Transparent; 1 ,22 on Missouri Ftppiii; j, 22 on Fameuse; 17 
on Mintel Pippin. Spore, #; germ tahe, gf; appressorium» o; mudlaginous sheathi th; pore, p: primary 
hyphEf jnI. X lt620L 
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Mucilaginous Sheath 

Tlie appressoria were apparently held fast to tlie leaf surface by a 
mucilaginous sheath. The fixed remains of this structure were usually 
found in the cytological preparations (fig. 2, J5). The sheaths, 

however, could not be demonstrated in cormection with germinating 
conidia on glass slides hj the dilute india-ink method, and they were 
not seen with certainty in the cleared-leaf preparations { 14 , SS), 

CiucuLAii Thickening and Poke 

A circular, disklike area of thickening, usually about 6/i in diameter, 
occurred in the wall of the appressorium that was in contact with the 
leaf surface. In the middle of this structure was a circular, trans¬ 
parent, thin-walled, porelike area about 2^ in diameter. For con¬ 
venience, these structures are subsequentlv referred to as the circular 
thickening and the pore (fig. 1, A, 1?, and fig. 2, especially A, B, D, 
Hy 7 ). 

Infection Hypha 

At or near the center of the pore, a minute infection hyjiha pierced 
directly downward or slightly obliquely through the cuticle (fig. 2, 
C, Ey Oy J). Such structures appeared in most of the 20-hour-old 
jireiiarations in each isolate-variety combination. None was found 
in 14-hoiir preparations nor in 48-hour or older ones. In view of 
these facts and taking into account the stage of development in most 
20 -hour preparations, it is assumed that actual penetration began 
about 16 to 18 hours after inoculation, and that the infection hyphae 
disappeared or were not sufficiently stained to be seen shortly after 
infection had been established. 

PiUMARY Hypha 

As soon as the infection hypha reached the epidermal cell wall it 
began to flatten into an irregularly shaped primary hypha (fig. 2, C, 
Fy Gy H), Further development of the fungus and the reactions of the 
underlying host tissues were different in the various isolate-variety 
combination.s. Consequently, they wDl be discussed separately. 

DEVELOPMENT OF INFECTION 

A description of phenomena resulting from the different host- 
parasite reactions in the several isolate-variety combinations follow^s. 
The two combinations that favored aggpssive parasitism are discussed 
first, and the reciprocal combinations, in which there vras a strikingly 
low^er degree of parasitism, are treated comparatively. The combina¬ 
tion of each isolate with the resistant variety is discussed separately, 
because the host-parasite relations were decidedly different in the 
two cases. 

AGGRESSIVE PARASITISM 

Isolate 22 was aggressively parasitic on Yellow Transparent and 
17 was equally aggressive on Fameuse. These infections were charac¬ 
terized by the vigorous development of the fungal hyphae, the forma¬ 
tion of relatively thick stromata in the subcuticular position, prolific 
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sporulation of tlic parasite, and extreme impoverishment of tin*. 
lUKlorlying host tissues, culminating in their deatli and collapse. 

As previously described in the cleared-leaf study, the primary 
hyphao were at first single-celled and somewhat amoeboid or irregular 
in shape. A 24-hour-old preparation (fig. 3, EJ shows that the 
primary hypha {yh) has expanded until it nearly covers the underlying 
epidermal* cell and appeam to contain a nuclear division figure, 
probably its first. A prominent nucleus remains in the appressorium 
{a). The underlying host tissues show no ill effects of fungal invasion. 
Another 24-hour-old infection (fig. 3, B) shows a young stroma 
developing beneath the thick cuticular layer in an epidermal hair 
socket. Many instances of penetration at the base of epidermal 
hairs were encountered. 

A median section of a 2-day-old lesion (fig. 3, A) illustrates the 
rapid proliferation of the primary hypha to form a multicellidar 
stroma (pt<?), from which a slender stolonlike branch (st) is beginning 
to radiate. The fungal cells are uninucleate, the nuclei being com¬ 
paratively large and prominent. These young fungal cells in the pri¬ 
mary stroma, although appearing hyaline in cleared-leaf preparations, 
are filled with very dense cytoplasm which stained heavily in cytologi- 
cal preparations. In fact, in some preparations the cytoplasm is so 
dense that it masks the nuclei almost completely. The host nuclei 
in the underlying raidermal cells retain their normal shape and 
staining reaction. The cells, however, appear to be slightly plas- 
molyzed. This plasmolysis is attributed to the fixative, rather than 
to any deleterious fungal activity, because epidermal cells considerably 
removed from infected regions are similar in this respect. 

Throughout the incubation period, during wliich the fungus became 
firmly established and widespread in the subcuticular region, there 
was marked congeniality between the parasite and host. The fungus 
developed very rapidly and the underlying epidermal and palisade 
cells remained noimal in appearance. The host tissues beneath a 
vigorously expanding stolonlike hypha in a 6-day-old infection 
(fig. 3, are just as normal in appearance as those beyond the area 
of infection. All nuclei retain their normal structure, staining 
reaction, and position. In addition,*^ the pahsade cells apparently 
contain the full complement of normal chloroplasts. 

Coincident with the macroscopic appearance of the lesions, about 
9 or 10 days after inoculation, impoverishment of the upper palisade 
layer appeared in the middle of the lesion. This depletion was* 
manifested chiefly by the disappearance of plastids and by marked 
vacuolation as shown in plate 1, D. 

EXPLANATORY LEGEND FOR PLATE 1 

4, Isolate 22 on Yellow Transparent 20 hours after inoculation. The original photomicrograph, taken 
from the same lot of material figure 2, C, was enlarged approximately X 2 with a photographic projector. 
Spore («), appressorium (a), mucilaginous .sheath (9h), infection hypha |>^etrating the unstaln^ cuticle 
at the pore (p). X 800. jS, Isolate 22 on Yellow Transparent 6 days after inoculation. Stotonllke hypha 
(8t) near the periphery of lesion; underlying ^lidermis (ep), palisade (pt), and spongy parenchyma («pr) 
apparently normal. X 330. C, Isolate 17 on Fameuse 18 days after inoculatiou; young stroma i»tr) about 
midway between the center and the periphery of the lesion; upper epidermb (rp) and palisade (pi) im¬ 
poverished; spongy parendiyma (*pr) showing full complement of normal plastids. X 830. D, Isolate 
17 on Fameuse 10 days after inoculation; Stroma (str) in the center of the lesion; upper epidermis (rp) 
and palisade layer (pi) vacuolate; spongy parenebyxna region («pr) normal. X 330. E, Isolate 17 on 
Fameuse 18 days after inoculation: Peripheral stroma (Hr) above impoverished upi>er epidermis (rp) 
and palisade layer (p/); underlying spongy parenchyma region (spr) nonnal: arrow points to extz^e 
peripheral hypha, which lies Just above the line of demarcation between impoverished and normal host 
tissues. X 330. 






FOR EXPLANATORY LEGEND SEE OPPOSITE PAGE* 
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Impovcrislimcnt of ilie ])aliwsadc region usually became coextensive 
with the lesion on the fourteenth or fifteenth day after inoculation. 
A small portion about midway between the center and the periphery 
of a 16-day-old lesion is shown in plate 1, f/. The higlil5^ vacuolate 
upper palisade cells, which are practically devoid of plastids, appear 
in decided contrast to the spongy parenchyma cells below, which 
contain a full complement of apparently normal chloroplasts. The 
margin of a similar lesion (pi. 1, K) shows that the region of iinpover- 
isliment coincides with or even extends a short distance beyond the 
area of fungal invasion. 

Following impoverishment of the host tissues, death and collapse 
of the affected cells gradually ensued. First, the remaining contents 
of the cells lost their organized structure and became aggregates of 
small globules, which appeared to be homogeneous and stained 
heavily with safranine. These globules coalesced into larger irregularly 
shaped masses, and finally the cell walls collapsed. The cells later 
lost their identity completely. Progressive stages of this process are 
shown in plate 2, A, i?, C. In A, death of cells is just beginning to 
occur and is manifested first in the epidermal layer. In the niesophyll 
tissues beneath, an arrow points to the line of demarcation between 
the region of extreme impoverishment on the left and that of death 
and incipient collapse on the right. 

In plate 2, /?, all of the mesophyll cells are dead and their proto¬ 
plasts disorganized. Very few of the cell walls have collapsed, 
however, and they still retain their avidity for the acid stain. In C, 
an arrow indicates the margin of a totally collapsed area near the 
center of a 30-day-old lesion. Khornboidal cells (rc), typical of 
wound reaction, are formed between the region of collapse and that 
of extreme depletion. 

Injury or death of fungal cells followed the collapse of the host tis¬ 
sues beneath. In the two instances shown in plate 2, A, li, the 
subcuticular mycelium {sir) is still alive while in C the mycelium at 
CO has collapsed. 

When the lesions attained the age of approximately 1 month, spread 
of infection practically ceased. The typical margin of an old lesion is 
shown in plate 2, I). The region of palisade cen depletion, which is 
indicated by an arrow, is coextensive with the area invaded by the 
fungus. The outpost hyphae, however, as well as the epidermal cells 
{co) beneath them, have collapsed. A narrow zone of fungus {sir) a 
short distance back from the pexiphery remains alive. The occurrence 
of this zone of living fungal tissue is common, but not universal, and 
is often associated with the larger veins. 

EXPLANATORY LEGEND FOR PLATE 2 

<4, Isolate 17 on Famouse 21 days after inoculation. Living stroma Ofr) above collapsed upper epidermal 
layer; arrow points to line of demarcation between region of incipient collapse on the right and that of 
extreme impoverishment on the left. Isolate 17 on Faineuse 21 days after inoculation. All mesophyll 

cells are dead and beginning to collapse; fungal cells of stroma (*fr) still living. C, Isolate 17 on Fameuse 
30 days after inoculation. An arrow f>oint$ to tlie line of demarcation between the region of total collapse 
on the right and that of extreme inifmerishment on the left; rhomboidai cells (rc) at the line of demarca- 
lion indicate cork formation; collapsed fungal stroma (co) associated with necrotic leaf tissue. Z>. Isolate 
22 on Yellow Transparent 36 days after Inoculation. Arrow indicates margin of lesion, which oorres(H>tidvS 
with the region of palisade Impoverishment; peripheral hyphae and underlying epidermal cells have 
collapsed at co; a narrow r.one of fungus {sit) a short distance back from the periphery remains aliA’e. 
All X 330. 
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INTERMEDIATE PARASITISM 

In contrast to the manifestations of aggressive jiarasitism just 
described, tlie reciprocal isolate-variety combinations (22 on Fameuse 
and 17 on Yellow Transparent) showed a significantly lower degree. 
Fungal development was less vigorous, impoverishment of underlying 
host tissues was less severe, necrosis of host tissues was much leas 
apparent, and conidia were not produced. 

Further study of material from these intennediately parasitic com¬ 
binations indicated that the host-parasite reactions differed from those 
of the aggressive combinations m degree rather than in kind. In 
young infections the cells of the mveelium were robust, normally 
developed, and apparently unharmed. The underlying host tissues 
were not noticeably affected until about 14 days after inoculation, 
when impoverishment of the upper palisade layer began to be evident. 
In older infections, the impoverished area usually became coextensive 
with the lesion and involved the whole mesophyll. Necrosis was 
usually confined to the epidermal layer immediately beneath the 
fungal stroma. Ultimately the epidermis and superimposed fungal 
stroma collapsed and lost their identity (pi. 3, B), 

PHENOMENA OP RESISTANCE 

Missouri Pippin was resistant to each of the two isolates, but the 
host-parasite reactions folloMing nifection by 22 were distinctly 
different from those following infection by 17. 

Isolate 22 

The epidermal cells of this resistant variety were hypersensitive to 
attack by isolate 22, collapsing soon after the fungus became established 
beneath the cuticle. The primaiy byphae (fig. 3, I>, ph) of a 2-day-old 
infection is composed of several small cells, each of which contains one 
conspicuous nucleus. ' The appressorium (a) is still attached to the 
cuticle, and the pore (p) in its lower wall indicates the point of pene¬ 
tration, although the infection hypha cannot be seen. The epidermal 
cell (de) beneath the primary hypha has collapsed and the nuclei (in) 
in adjacent epidermal cells show signs of disorganization. The pali¬ 
sade cells beneath show' no deleterioi^s effects. 

The fungus continued to spread feebly, however, sometimes forming 
a lesion 2 mm in diameter. Along the paths of the ratlier feebly 
developed hyphae scattered groups of epidermal cells succumbed. 
The fact that dead epidermal cells were freq uently found near the 
margin of a lesion is further indication that the cells of the epidermis 
were highly intolerant of the parasite. A photomicrograph of the 
central part of a 16-day-old infection (pi. 3, u) shows a hyphal strand 
(sir) in cross section, and beneath it are two collapsed epidermal cells 
(co). A siinilar view of a fungal strand in longitudinal section in a 
24-day-old infection (pi. 3, E) shows that most of the epidermal 
cells (co) along the path of the fungus have died and collapsed. 


EXPLANATORY LEGEND FOR PLATE 8 

A, l^late 17 OD Missouri Plppiu days after Juoouiation. Loufritudiual section of hypbal strand (»tr) 
near the center of the lesion; underlying tnesophyll tissues apparently uonnal. B. Isolate 22 on Fameuse 
i¥\ days after incoiuation. Fungal stroma and upper epidermis collapsed at co, C. tsolate 22 on Missouri 
Pippm 16 days after inoculation. Cross section of fungal strand (rfr) near the center of the lesion; two 
underlying epidermal cells collapsed at co. V, Isolate 17 on Missouri Pippin 16 days after inoculation. 
Cross section of fungal strand («fr) near the center of the lesion; underlying leaf tissues normal. £7, Isolate 
22 on Missouri Pippin 2i days after inoculation. Longitudinal sections of fungal strand ($tr) near the 
of the leaiem; fungal cells and epidermis collapsed at co: underlying palisade region injured 
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Plate 3 
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Fioubs 3.*—Th6 development of the early stoges of infection: Isolate 22 on Yellow Transparent 2 days 
after inoculation: spore (a), primary stroma (m). stolonlike hypha (it); underlying epidermal cells normal. 
B, Isolate 17 on Fameuse hours after inoculation, showing uair*so<{|ret infection; spore <«), appressorium 
(a), pore (p), primary hypha (ph), C, Isolate 17 on Missouri Pippin 2 days after Inoculation; spore («), 
appressorium lost in sectioning, primary hypha (ph). I), Isolate 22 on Missouri Pinpin 2 days after 
Inoculation; appressorium (a), mucilaginous sheath (sft). pore (p), primary hypha (pA), epidermal cell 
eollapsed at 4«, nuclei in adjacent cells at in injured. M, ^late 22 on Yellow Transient 24 hours after 
inooUlation; appressorium (a)« pore (p), primary hypha (ph). F, Isolate 22 on Yellow Transparent; 
atolonlike byimal branch (if) at the periphery of a (t<lay<ola infection. All X 1000. 
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Alilioiijjh the underlying palisade cells showed very little depletion, 
they were apparently injured. The plastids remained and no abnor¬ 
mal vacnolation appeared. As indicated in the upper palisade layer 
of plate 3, and shown in detail in the drawing taken from a 16-day- 
old infection in figure 4, J?, ci, ag^egates of small globules appeared in 
the cytoplasm. These intracellular bodies have been found commonly 
in certain plant cells parasitized by various fungi and also in cells 
normally senescent. It is generally believed that they are probably 
disintegrative products of host cells {24, p. 87), 

Ill the central portions of older lesions, where the mycelium was 
oldest, injured and sometimes dead fungal cells were found. In figure 
4, E, the fungous cells, ih had become highly vacuolate and the one 
at dh was dead, whereas the cells h were apparently still robust and 
healthy. Observations of many similar cases lead to the interpreta¬ 
tion that the hyphae live for some time directly superimposed upon 
dead epidermal cells, but finally they become injured and die. 

ISOLATE! 17 

The young leaves of Missouri Pippin were decidedlj" unfavorable 
for isolate 17. The primary stroma developed very feebly, as shown 
in a 2-day-old infection in figure 3, C, The fungus, however, was able 
to push out long slender hyphal branches which sometimes involved an 
area of leaf surface 6 mm in diameter in one lesion. These hyphae 
were but sparsely branched, and robust secondary stromata were not 
found. A cross section of one of these hyphal strands near the center 
of a 16-day-old infection is shown in plate 3, D, The strand (str) is 
made up of about four hyphae and each cell appears to be empty. 
A longitudinal section of a hyphal strand from a 24-day-old infection 
is shown in plate 3, A., The fungal cells (str) are sparsely septate and 
nearly empty, except for inconspicuous nuclei. A drawing (fig. 4, C) 
taken from near the center of a 24-day-old infection shows the details 
of these host-parasite relations. The hyphal cells {sir) are long and 
slender, and contain inconspicuous nuclei (n). The underlying host 
tissues here, as well as those shown in the photomicrographs, are 
apparently unharmed. 

RELATIONSHIP OF THE PARASITE TO THE EPIDERMAL MEMBRANES OF THE HOST 

The differential staining of the cuticle and the outer wall of the 
epidermal cell afforded a means of studying the relationship of the 
apple scab parasite to these membranes. By treating fixed, sectioned 
material first with Delafield^s haematoxylin and then with Sudan IV 
and mounting in glycerin, the walls of the host cells and of the fungus 


EXPLANATORY LEGEND FOR FIGURE 4 

FiauEB 4.~~Certain host-part^sHe reactions: At Isolate 22 on Yellow Transparent 16 days after inoculation; 
advancing stolonllke hypba («0 cleaving its way between the cuticle (c) and epidermal coll wall (tt0» the 
fungus closely adherent to the epidermal cell wwl even over the junction of two cells (i> whore the cuticle 
is thickest. R, Isolate 22 on Yellow Transparent 16 days after inoculation; stolonllke hyphal branch (sf) 
near the periphery of the lesion closely adherent to the epidermal cell wall even over the junctions of 
epidermal cells at,f where the cuticle is thickest. C, Isolate 17 on Missouri Pippin 24 days after inoculation: 
cells of the stroma (str) in the central part of the lesion nearly empty except for small nuclei (n); underly¬ 
ing host tissue.^ normal. D, F, Q, Isolate 22 on Yellow Transparent 24 days after inoculation, showing suc¬ 
cessive stages of lacing of cuticle by conidiophores; cuticle (c), epidcrmiu cell well (to), oonidiophore (c/i), 
stroma (str), closely fitting collar (cO formed by pierced cuticle about the base of the conidiophore. £7, 
Isolate 22 on Missouri Pippin 16 days after inoculation; coUapaed epidermal cells (4e) undedying a strand 
of fungus near the center of the lesion, dead faugnloefi i4h)t injured fungal cell (ill), apparently healthy 
rells (ky, palisade slightly impoverished and sbeming globular inclusions at ci, H, Isolate 17 on 
Fameuse 30 days after inooutatimi; gaps (g) in the fungal stroma (sir) bridged by the cutide, inmoverieh* 
meui! gf underlying palisade ceils shown by depleted plastids (dp) and min cy topla^ (cy). All X 1.060. 
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stained bright blue, whereas the cuticle, being fatty in nature, stained 
red. The Tine of demarcation between the cuticle and the epidermal 
cell walls, in older leaves and over portions of the leaf where the cuticle 
was relatively thick, was quite sharp. In voimger leaves the cuticle 
was decidedly thinner and was underlaid by a very thin layer that 
stained reddish purple, indicating that it contained a mixture of fatty 
and cellulosic materials. This subcuticular layer was sharply set off 
from the pure blue of the cellulose wall of the epidermal cells but 
graded off more gradually into the red of the cuticle proper. In older 
leaves the cuticle always was thickest over the junction of epidermal 
cells. It was too thin to permit accurate measurements. In the 
material studied there was no evidence of significant varietal differences 
in its thickness. 

The fungus lay under the cuticle and in intimate contact with the 
cellulose walls of the epidermal cells. When advancing hyphae were 
viewed longitudinally, their tips appeared to be wexiging or cleaving 
the cuticle from the epidermal cell wall. Even when passing over 
the juncture of two epidermal cells the hyphae dipped below the 
thickened cuticle. These phenomena are illustrated in two drawings 
made at and near the periphery of a 16-day-old lesion (fig. 4, A , B). 
Rarely, and only in preparations of the isolate 22-Missouri Pippin 
combination, has the fungus been observed to pass through these 
dentate thickenings of the cuticle. In such cases very small masses 
of red-staining material appear below the hyphae at the junction of 
cells. 

Even in very old infections where the fungal stroma had become 
quite thick, the cuticle remained intact, except where conidiophores 
ruptured it, and acted as a protective covering for the fungus. In 
order to function in this manner, the cuticle must possess a high 
degree of elasticity and tensile strength. Indirect evidence to demon¬ 
strate these qualities is seen in figure 4, J/, and the three drawings 
showing details of the way in wMch the conidiophores rupture the 
cuticle (fig. 4, Z>, jF, (?). In H the increase in size of the fungous cells 
created such a stress in the area between different stromata that the 
cuticle was locally ripped from tlijg epidermal cell walls. Conse¬ 
quently, the cuticle bridged the gaps shown at g. This phenomenon 
was very common in older infections in aggressively parasitic isolate- 
vaiiety combinations. In figure 4, Z>, an emanding conidiophore is 
stretching the cuticle outward. In F and (r the cuticle has finally 
been penetrated and the conidiophore is free. The perforated cuticle, 
however, forms a closely fitting collar about the neck of the conidio¬ 
phore at cl. 

DISCUSSION 

The results of the present investigation as they relate to spore 
germination and perietration of the parasite to the subcuticular posi¬ 
tion are in general agreement with those of Aderhold (f, and Wilt¬ 
shire (S3), though they differ in certain particulars. The emanation, 
in some cases, of the infection hypha from a germ tube or spore with¬ 
out the formation of a characteristically differentiated appressorium 
has been described in an earlier section of this paper {14)» The 
development of the characteristic circular thickening and pore in the 
basal wall of the appressorium or its equivalent, as herein described, 
seemf mot to have been reported by the earlier investigators. In size 
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and form, the infection hyphae observed by the present writers differ 
much from those figured by Wiltshire {3S), being so slender that they 
were very near the limit of visibility under the oil-immersion lens at 
a magnincation of 1,425 diameters. These slender infection hyphae 
are very similar to those of Gyynnosvorangium juniperi-mrginianae (18) 
and Pucdnia graminis (29), Wliue the possibility of occurrence of a 
minutely local solvent action on the cuticle by materials emanating 
from the fungus can scarcely be disproved by the technique employed, 
the present investigation yielded no convincing evidence that Venturia 
inaequalis exerts a solvent effect on the cuticle of its host. This find¬ 
ing IS at variance with the conclusions of Wiltshire. There would 
seem to be greater probability of a similar action on the subcuticular 
layer, but the preparations studied by the writers did not show con¬ 
vincing evidence on this (lucstion 

As was pointed out in the introduction, parasitism of Venturia 
Inaequalis is verj’' distinctive, yet strikingly siimlar in many respects to 
that of many obligate parasites, such as certain of the rust and pow¬ 
dery mildew fungi. Notwithstanding the fact that the leaf-invading 
mycelium in its parasitic phase is limited to the subcuticular position, 
the fungus is able to derive its nourishment from the underlying host 
tissues so efficiently that it can develop a very substantial thallus 
and produce conidia abundantly. It is capable of inciting profound 
changes in host tissues many cells removed, in some cases leading to 
their death. As is common among the higher parasites, the species 
V, inaequalis is made up of many variant biotypes (ft9, 20^ 25^ 26^ SO) 
with different pathogenic capabilities, some of which are able to live 
for many weeks in intimately balanced relations with the living tissues 
of a congenial host. Although in its parasitic phase the fungus is 
usually limited to subcuticular invasion, the efficiency of its nutrition 
seems to compare favorably with that of many fungi that freely invade 
the intercellular spaces or the living cells of the host. The mycelium 
in close contact with the cellulose walls of the epidermal cells is evi¬ 
dently very efficient in gaining nourishment through them. The sub¬ 
cuticular invaders of the type of V, inaequalis may therefore be re¬ 
garded as a distinctive group among the higher parasites. The fact 
that they can readily be cultured in vitro and that at least one of them 
can be controlled genetically by breeding technique (16) makes them 
attractive subjects for further studies in the field of parasitism and 
disease resistance. 

Though the cytological technique does not afford a basis for deter¬ 
mination of the nature of resistance of apple varieties tt> Venturia 
inaeq^iSy it contributes to the foundation for further studies of this 
problem. It is noteworthy that spore germination and penetration 
of the cuticle of young leaves occurred freely, without reference to the 
isolate or the host variety used. These results, which are in general 
agreement with the work of Wiltshire (S3), Johnstone (9), and Schmidt 
(l(5h indicate that resistance in young apple leaves is attributable 
primarily to relations of the fungus and materials emanating from the 
host tissues, rather than to mechanical bairiers. Some possibilities as 
to the nature of similar host-parasite relations have been discussed by 
one of the writers (IS, p. 691). The fact that substantially different 
reactions occurred when different incompatible host-isolate combina¬ 
tions were employed in the present work suggests the need for more 
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extended studies before these reactions can be satisfactorily charac¬ 
terized. It is noteworthy that in one of the combinations studied 
there was clear evidence of hypersensitiveness of the host, resulting 
in local necrosis of epidermal cells, while in the other, with another 
isolate on the same host, there was no evidence of hypersensitiveness. 

The present study, in which two monoconidial isolates were em¬ 
ployed on three apple varieties, has included four distinct types of 
host-parasite reaction. The observed variations in reaction are 
thought to be due partly to differences in the degree and partly to 
differences in the kind of phenomena concerned. It is to be expected 
that use of a wider range of biotypes of host and parasite would in¬ 
crease the range of variation in host-parasite relations. The knowl¬ 
edge that Venturia inaequalis is heterothallic and the availability of 
technique for breeding it {17) point the way to further studies of host- 
parasite relations, with genetically controlled isolates. Such work 
is in progress. 

SUMMARY 

The host-parasite relations of two monoconidial isolates of Venturia 
inaequalis on the leaves of three apple {Mains sylvestris) varieties were 
studied by cleared-leaf and cytological teclmiques. The six isolate- 
variety combinations employed showed four distinct types of host 
reaction, very susceptible, intermediate, and two types of resistant. 

Spore germination, formation of appressoria or functionally equiva¬ 
lent structures, and direct penetration of the cuticle occurred in all 
cases, without being perceptibly influenced by isolate-variety com¬ 
binations. A very tenuous infection hypha emanated from a minute 
pore surrounded by a circular tluckening in the basal wall of the 
appressorium or its functional equivalent (sometimes a spore or germ 
tube), and pierced the* cuticle without visible change in the thickness 
or staining reaction of the latter. The distal end enlarged to form a 
primary hypha when it reached the cellulose wall, and the fungus 
developed beneath the cuticle in close contact with the outer walls 
of the epidermal cells. 

In veiy susceptible leaves host cellp showed little abnormality until 
about 10 days after inoculation. Then progressive depletion of plas- 
tids and cytoplasm, attended by increasing vacuolation, began to 
appear in the upper palisade region at the center of the lesion. This 
impoverishment gradually spread throughout the area underlying the 
fungus, and was followed by necrosis. The fungus showed no appar¬ 
ent injury until the host cells had died. In leaves of intermediate 
susceptibility, the fungus developed less vigorously, impoverishment 
of the host cells was less rapid and severe, and little necrosis occurred. 
In resistant leaves, growth of the fungus was sharply restricted, the 
resistant variety employed showing hypersensitiveness to one isolate 
but not to the other. The resistance of young leaves is attributed 
primarily to relations of the fungus and materials emanating from the 
host tissues, rather than to m^hanical barriers. 

It is shown that in suitable isolate-variety combinations the fungus, 
though confined to the subcuticular position, is able to derive its 
nourishment efficiently from the underlying host tissues and to incite 
a wide range of pathological effects therein. 

In its mode of penetration of the cuticle, diversity of isolate-variety 
reacri,qns, and ability to live efficiently for many weeks in intimately 
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balanced relations with the living cells of a congenial host, Venturia 
inaequalis is considered to be strikingly similar to many of the so- 
called obligate parasites, and the subcuticular invaders of its type are 
regarded as a distinctive group among the higher parasites. 
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DETERMINING THE SCLEROTIAL POPULATION OF SCLER- 
OTIUM ROLFSII BY SOIL ANALYSIS AND PREDICTING 
LOSSES OF SUGAR BEETS ON THE BASIS OF THESE 
ANALYSES ^ 

By L. D. Leach, assistant plant pathologist^ and A. E. Davey, formerly associale 
in plant pathology^ California Agricultural Experiment Station * 

INTRODUCTION 

With most soil-bome plant pathogens it has been extremely dilE- 
cult to determine the extent of survivial in commercial fields except 
by planting a susceptible crop and measuring the percentage of infec¬ 
tion. The appearance of sclerotia as a stage m the life cycle of certain 
fungi provide^a unit of the pathogen which can readily be separated 
from soils. King and Hope ^ have taken advantage of this fact to 
study the distribution of sclerotia of Phymatotrichum omnivorum 
(Shear) Duggar by wasliing samples of soil, taken with a soil auger, 
through screens of appropriate sizes. Rogers ^ constructed special 
equipment for the recovery of sclerotia of the same fungus from large 
soil samples. 

DETERMINATION OF SCLEROTIAL POPULATION 


ANALYSIS OF SOIL SAMPLES 

In the summer of 1932 it was determined ^ that sclerotia of Sclero- 
Hum rol^sii Sacc. could be recovered from sugar-beet field soils by 
washing samples through a series of three soil screens of 10, 20, and 
40 meshes to the inch. All sclerotia passed through the 10-mesh 
screen exc^t occasional aggregates, which are rarely found in soil 
samples. The majority of sclerotia formed on favorable hosts were 
retained in the 20-raesh screen, but in certain samples large numbers 
were recovered on the 40-mesh screen. After the finer soil particles 
were washed through the screens the residue from each screen was 
flushed into a large wliite porcelain pan with sufficient water to make 
a depth of 2 cm. When this container was placed under a strong 
light it was (comparatively easy to separate sclerotia from weed seeds 
and other extraneous material and to remove them vdth forceps. 

To determine viability, the sclerotia recovered in tliis manner were 
surface-sterilized by immersion in bichloride of mercury 1-1,000 for 
45 seconds, washed in sterile water, and then plated on potato dex¬ 
trose agar and incubated at 30° C. The rapid growth of the fungus 

i Received for publication June 12, 1037, iv^sued May 1038. Contribution from Plant Pathology 
Division, Branch of the College of Agriculture, University of California, Davis, Calif. 
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mycelium necessitated the aseptic removal of blocks of agar surround¬ 
ing germinated sclerotia at intervals of from 12 to 24 hours to prevent 
overgrowth of other sclerotia on the same plate. With some lots of 
sclerotia evidence was obtained that the bichloride of mercury was 
absorbed by sclerotia in amounts sufficient to prevent their germina¬ 
tion,® In spite of the surface sterilization and ordinary laboratory 
precautions, contaminating fungi or bacteria from the interior of the 
Bclerotm or from the air frequently interfered with the gemination of 
sclerotia. 

To eliminate these difficulties a revised method of determining 
viability has been used in all recent trials Sclerotia are plated 
without chemical treatment on the surface of finely screened, unsteril¬ 
ized peat soil in Petri dishes The soil is then thoroughly moistened 
and incubated at 30® C. for 5 days The myceliinn ol Selerotiun 
roljsii can be readily identified on the background of black soil (fig 1). 
Germinating sclerotia and the mycelial colonies orimnating therefrom 
are removed from the surface of the plates each dav during the 
incubation period 



Figure 1.—Sclerotia on unsterlllz.ed peat soil a/ter 30 hours’ inoobation at 30® C. Observe the well- 

develoried myeelHl colonies. 


DISTRIBUTION OF SCLEROTIA IN SOILS 

Studies on the distribxition of sclerotia were undertaken as soon as 
the method of removing sclerotia had been perfected. This was 
done by excavation and observation in the fields and by counts of 
sclerotia recovered from soil samples representing different horizons. 

It was determined that sclerotia may be formed on radiating 

0 LEA<»if L. !>., Mead, S. w. viabiuty or sclerotia or scLSROTit^M bolfsii aEter tassage 
jRROUGi^Tiiv “IGB8TIVE TRACT OF CATTLE AND SHEEP. JouT. A«r. He|jeajoh 68: 510-626, aius* 1036. 
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hyphae at a distance of 20 inches or more from infected sugar beets 
(]Beta vulgaris L.)» but that the largest number occurred within 4 
or 5 inches of the beet. From the soil samples studied it was esti¬ 
mated that the fungus in consuming a fully grown beet often pro¬ 
duces between 10,000 and 20,000 sclerotia. The vertical distribution 
of sclerotia in the soil near infected sugar beets is shown in table 1. 


Table 1. —Vertical distribution of sclerotia in soil of sugar-beet fields 


Depth (inches; 

Sclerotia i)er 200 g of soil 

Field A 

Field B 

0-3. 

.- --- ..-.. - - 

6-12 .-. 

12-18. . 1 

1^-24 .. . --I 

Ntimber i 
200 j 

143 
73 ! 
5 i 
1 

Percent 

47 b 
33.9 
17.3 

Number > 
93 
126 

1j 
^ 1 

i __ 1 

1 

Percent 
35.3 
47.9 
16.2 

I .3 

.3 


1 Avemfsa of I samples 


It is evident from tabic 1 that about 80 jicrcent of the sclerotia 
occur in the up])er 6 inches of the soil and that relatively small num¬ 
bers of sclerotia are found below* the r2-inch level. 

Tile ])icture presented by a lieavily infested sugar-beet field is that 
of a large niunber of small areas each containing an enormous popu¬ 
lation of sclerotia. These areiis often coalesce because of the spread 
of mycelium from originally infected beets to adjacent plants. On 
the other hand, a small hea\ily populated area may be surrounded 
by an area containing few if any sclerotia. As the soil is disturbed 
by irrigation and cultural ojierations, the sclerotia gradually btK*ome 
more uniformly distributed. A certain degree of nonunifonnity of 
distribution is maintained, how'ever, by infection and multiplication 
of the fungus upon weeds or cultivated hosts. 

METHOD OF SAMPLING INFESTED AREAS 

During these investigations the plan for selecting soil samples has 
been modified as the work ])rogressed. After several preliminary 
trials a permanently located plot 300 feet square (approximatidy 
2 acres) was selected as a unit of area for the purpose of followir^ 
the fluctuation of sclerotial population over a period of years. This 
area was sufficiently large to reduce the effect of small, severely in¬ 
fested spots. According to the first plan followed, soil samples were 
collected from nine stations equally spaced on the diagonals of the 
square. At each station, five cores were taken to a depth of 8 inches 
with a %-inch soil tube. This method, although providing a picture 
of the irregular distribution of sclerotia, did not furnish a sufficient 
number of soil cores to provide an accurate estimate of the population 
of sclerotia. An improvement was made by collecting 10 soiltube 
cores in a circle wdth a radius of 10 feet at each of the 9 stations 
(fig. 2). The 10 cores from each station were washed through the 
screens as a composite sample. 

When the main purpose is to determine the average survival of 
sclerotia within a given portion of the field it is possible to save con- 
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siderable time and effort with little loss of efficiency by combimne 
all the samples collected from a given plot. After the soil is dried, 
pulverized, and thoroughly mixed it is passed through a Boemer 
sampler and four aliquot samples of 200, 400, or 800 g, depending on 
the degree of infestation, are selected. These four samples are 
washed through screens separately and the recovered sclerotia are 
plated to determine the percentage of germination. 



Figure 2 —Distribution of soil samples in a permanently located area, 10 soil cores are collected at each of ■ 

the 0 statioim. 

TESTING THE ADEQUACY OF THE METHOD 

The number of sclerotia obtained from the nine individual stations 
in several fields are shown in table 2. It would be highly desirable 
to apply statistical methods to the data and thus detemune the re¬ 
liability of the result. However, it can be readily seen that the 
distribution of numbers of sclerotia found in the individual samj^les 
is not normal and it is doubtM whether one is justified in analyzing 
such data statistically. In spite of this objection the standard error 
of the mean and the coefficient of variation have been determined 
for data from several fields. 
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Table 2. —Number of scleroiia recovered in 19S2 and 1934 from 200-g samples of 

soil in commercial fields 


Station No. 

Field A, 
19321 

Field G, 
1932 

Field H, 
1934 j 

! 

Field F. 
1932 

Field F, 
1934 

1.-. 

Number 

125 

Number 

65 

Number 

6 

Number 

40 

Number 

2 

2... 

0 

2 

9 

2 

1 

3.-. 

40 

41 

12 

1 

2 

4.. 

24 

1 

2 

20 

8 

5 

58 

2 

3 

13 

1 

C.-. -- .. _ . . 

165 

6 

8 

0 

4 

7 

30 

28 

12 

16 

6 

8 

38 

3 

16 

19 

1 2 

. “ . ^ r 

340 

4 

11 

0 

1 

Mean.... . . . 

91.1 

1C. 9 

8.8 

12.3 

3.0 

S. E. of mean.-. 

36.5 

7.6 

1 6 

4.5 

! .9 

Period elapsed since last, beet crop. ___ 

Years 

0 

1 Years 

Years 

1 

Years 

1 

Years 

3 

Lo*!s in last crop of sugar beets. 

Ih rtf^nt 
70 

__i 

! Percent 

4 T) 

Percent 

.>0 

, 1 

Percent 

50 

Percent 

r)0 


1 Number of sclerotm recovered from 200 g of air-dry soil. 


T\ble d.—Xinnber of scleroiia recovered from 400 -g soil samples collected fi'oyn 25 
stations tn sugar-beet fields F, //, and Q in 1934 


Number of sclerotia recovered and approximate position of indicated 
field-station samples 


Field F 

Field H 

Field Q 

"2 

2 

17 14 *3 

•17 

14 

16 

9 

•13 

•1 

0 

5 

0 

.1 

9 

*7 

9 *2 3 

29 

•16 

57 

•6 

43 

117 

•10 

24 

•0 

0 

2 

3 

•2 11 17 

20 

8 

•23 

29 

13 

12 

34 

•2 

3 

0 

3 

♦11 

2 *4 3 

10 

•24 

10 *32 

36 

2 

•86 

2 

*1 

2 

|.4 

3 

11 42 *17 

•24 

27 

4 

51 

•3 

•6 

62 


3 

•0 


* Asterisks indicate the 9 samples that would have been collected in usintf the method illustrated in fig 2 
I'he first 3 columns under “Field Q” represent data from the part of the field that had been planted to 
.sugar beets the previous year. See figure 3, 
un the basis of 25 samples: 

Field F: Mean, 8.0±186; coefficient of variation, 23.2 percent 

Field U; Mean, 2\A±l 92, coefficient of variation, 9 0 percent. 

Field Q: Mean, 13 ld=5.26; coeflScient of variation, 40.1 percent. 

On the basis of 9 samples: 

Field F; Mean, 5.8±1.74; coeflleient of variation, 300 percent 

Field H: Mean, 17.6d:3 10; coefficient of variation, 17.6 percent. 

Field Q: Mean, 6.3db3.87; coefficient of variation, 61.4 (percent. 

Standard error rather than probable error is shown after the sign ±. 

In three fields the results obtained from 9 stations were compared 
with those from 25 stations distributed over the same area (table 3). 
In two of the cases, fields F and H, the infestation was uniformly 
distributed and the results obtained by taking the lai^er number of 
samples did not differ greatly from those obtained by the usual 
method. In contrast to the uniform distribution of sclerotia in the 
above-mentioned fields, field Q shows a distinct separation into areas 
of high and low {populations. When the samples were taken a more 
uniform distribution was expected and the writers were at a loss to 
explain the results. Subsequently information was obtained which 
showed that one part of the field had been in sugar beets the previous 
season while the other part had been planted to a relatively resistant 











624 


Journal of AgricvMural Research 


Vol. No. 8 


crop. Figure 3 shows this field just before harvest. The portion of 
the field on the left suffered a loss of over 75 percent of the crop, (^e 
data in table 3, first three columns under ‘Tield Q'O. The portion 
on the right indicated by soil samples as being li^tly infested showed 
a loss of less than 20 percent at harvest time. The foregoing results 
indicate that in uniformly infested fields (fields F and H) the use of 
nine samples provides a fair estimate of the sclerotial population, 
whereas in a nonuniform field (field Q) the same number of samples 
is clearly inadequate. The use of 25 samples from each plot would 
seriously limit the scope of the survey. Permanently located plots 
have, therefore, been established only in uniformly infested fields, 
and since 1934 nine samples have been collected from such plots 
according to the plan shown in figure 2. 



Fksitbe 3.~-Ff!wt of replanting sui;ar beets in a field infested with Sderotium rotfmi (field Q in table 3) 
The part of the field on the left of the arrow was in sugar l>eets the previous year (1933) and soil samples 
collected in 1934 before any beets were infected showed j^ver 1,009 living seleiotia i)er square foot. Over 
75-percent, loss resulted. The part on the right was n< t in sugar beets the previous year and showed less 
than 100 living sclerotia per square foot. Less than 20 percent of the beets were lost by southern 
sderotium rot. 

NUMERICAL EXPRESSION OF SCLEROTIAL COUNTS 

The population of sclerotia in field soils is expressed in this report 
in terms of sclerotia per square foot in the top 8 inches of soil (two- 
thirds of a cubic foot) and is derived in the following manner. The 
number of sclerotia recovered from a set of samples is multiplied by 
the quotient obtained by dividing the air-dry weight of the soil in 
grams into 25,100, the'approximate weight in grams of two-thirds of a 
cubic foot of soil when the volume weight is 83 pounds per cubic foot. 
For example, if a total of 85 sclerotia is recovered from 10 soil samples 
whose total air-dry weight is 6,275 g, the average population of 
sclerotia per square foot is determined as follows: 
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If the weight of air-dry soil is taken in pounds, the total weight is 
divided into 55.33 (pounds of soil in two-thirds of a cubic foot); and 
if in ounces, the total weight is divided into 885 (ounces of soil in 
two-thirds of a cubic foot). 

Examples: 


85 (numb,, „( uderoti.) xf 


or 


85 (number of 8clerotia)X 


^5 ounces_340 sclerotia per square foot, 
221 ounces 8 inches deep. 


If the soil is consi(ierably heavier or lighter than the standard (83 
pounds per cubic foot) a correction can be made by multiplying by a 
factor more or less than 1.0. The indicated viable population is 
determined by multiplying the total population by the percentage of 
germination of the sclerotia as indicated by laboratory tests. 


FLUCTUATION OF SCLEROTIAL POPULATIONS IN COMMERCIAL 

FIELDS 

In table 4 are presented the total population of sclerotia and the 
viable population indicated by successive soil analyses from eight 
commercial fields over a period of from 2 to 5 years. The standard 
error of the mean for total population is also shown wherever the in¬ 
dividual samples from each of the nine stations were screened sepa- 
ratel}’. All other determinations were made from composites of all 
the soil collected from a given location. The enormous populations of 
sclerotia produced by Selerotiiiw rolfmi on sugar beets is illustrated 
by the results from fields A and B. These determinations indicate 
that with 70 percent of the beets infected in field A over 250,000,000 
living sclerotia per acre were present at harvest time, and a 50-pereent 
infection in field B resulted in the production of over 200,000,000 
viable sclerotia per acre. 

The effect of moderate populations of sclerotia on the infection 
of a crop of sugar beets is shown in fields C and D where indicated 
viable populations of 190 and 140 per square foot, respectively, each 
resulted in a loss of 20 percent of the sugar-beet crop. The popula¬ 
tions of viable sclerotia produced in these tw^o fields by the infestations 
were 2,190 and 3,120 respectively. The percentage of infection and 
the resultant population of sclerotia in field A, October 1930, are both 
comparatively low% but this can be accounted for at least partly as 
the result of a heavy application of nitrogen fertilizer. 

In every case where severely infected crops of sugar beets were 
followed by nonsusceptible crops such as wheat and barley, or by 
wdnter crops such as peas, the sclerotia decreased rapidly by death or 
disintegration. On tlie other hand, when beans (susceptible) growing 
in infested soil were supplied with an abundance of surface irrigation 
water during the warm summer months the population was maintained, 
and, in some cases, was increased as shown in field B, November 1933; 
field E, December 1935; and field F, December 1935. The fuU effect 
of the increase was, in some cases, not observed until the second anal¬ 
ysis following the bean crop as shown in field A, March 1934 and 
field C, March 1936. 
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Table 4. —Indicated poptdation of Scleroiium rolfsii sckrotia from successive soil 
analyses from eight commercial fields, 19SS-S6 


Field and time sampled 

Crop grown 

Total 
population 
per square 
foot 

Standard 
error^ of 
mean 

Indicated > 
viable 
population 

Field A. 

September 1932..__ 

KtigAr 70 pflri«Ant i<«s_ _ 

Number 

9,840 

3,060 

1,590 

2,890 

970 

440 

390 

640 

7,130 
780 
1,050 
150 
200 j 
90 
260 

db3,950 

Number 

6,630 

1,020 

*870 

1,050 

460 

190 

200 

170 

4,810 
160 
»410 
90 
80 
70 
100 

April 1933. 

Pe^_..______ 

NnvATnbAr 1933., - - 

Beans..........___ 


March 1934___ 

Barley........._-__ 


August 1934.... 

_do..... 


March 1935. 

.do... 


March 1936..... 

Fallow... 

=i:40 

d:180 

October 1936.— 

Sugar beets, 5 percent lofs..... 

Field B; 

December 1932. 

Sugar beets, 50 percent loss.._ 

July 1933. 

Pe^__ __ 


November 1933.. 

TlAAnfi.__ 


March 1934.. 

Peas_____ 


August 1934. 

Not known.____ 


July 1935. 

.do.... 


September 1936. 

Sugar beets, 6 percent 1<M5 s_ 

=L170 

Field C: 

1932... 

Sugar beets, 2 percent loss. 

May 1933. 

Sugar beets... 

310 

2,940 

690 

420 

230 

360 

60 


190 
2,190 
390 
360 
140 
280 
50 

September 1933. 

Sugar beets, 20 percent loss.... 


July 1934.. 

Wfieat. 

. 

March 1935. 

Peas______ 

December 1935. .. 

Beans..... 

March 1936... 

Peas...-. 

±70 \ 
±10 

November 1936.. 

Beans... 

Field D: 

1933. 

Sugar beets, 5 percent loss... 

1934. 

wheat_.. 




March 1935. 

Fallow____ 

3,940 

2,370 

1,210 

1__ 

”'=bi,'9o6^ 

±670 

±570 

i 140 

1 3,120 

i 2,340 

690 

August 1935. 

Sugar beets, 20 percent loss.. 

March 1936. 

Wheat. 

July 1936. 

--.-.do,-..... 

Field E: 

1931. 

Sugar beets, 26 percent loss... 

September 1932. 

Wheat..——... 

1 1,080 

i 1,650 

220 
220 
180 
490 
570 

±720 

I ±600 

m 

500 

m 

3 150 
30 
»37l. 
300 

November 1932.... 

.....do......_...____ 

July 1933. 

_do.*..... 

October 1933... 

Beans..._______ 


July 1934. 

Wheat . 

. ±70 

December 1935.. 

Beans_....____ 

July 1936... 

Wheat. 

Field F: 

1931. 

Sugar beets, 50 percent loss_ 

September 1932.._ 

Wheat. 

2,250 

2,240 

1,020 

500 

380 

50 

150 

200 

±820 

±760 

.±uo‘ 

±110 

850 

670 

300 

220 

160 

40 

>90 

70 

November 1932.. 

.do.... 

August 1933.. 

--,.-do__..... 

May 1934. 

Fs^ow.. 

Do. 

_do_ ... 

November I934,..j. 

Beans____. 

December 1935. 

.do....... 


October 1936. 

.do_______ 

±60 

Field O: 

1931. 

Sugar beets, 75 percent loss_.*_ 

September 1932. 

Barley____ .. 

2,7^ 

650 

120 

0 

30 

<380 

±1,260 

1,370 

210 

40 

0 

10 

240 

July 1933. 

.do.... 

March 1934. 

Fallow_.....___ 


August 1934. 

Asparagus...... 


July 1935. 



July 1936. 


±170 

Field H: 

1933. 

Sugar beets, 60 percent loss.. 

March 1934. 

Fallow.... 

1,130 
1,100 
1,340 
160 
150 
100 


660 

920 

1,080 

90 

60 

60 

May 1934. 

Planted to tomatoes. , _ . 

±190 

±120 

Do... 

.do. 

March 1936. 

Fallow.... 

August 1936.__ 

Lettuce.............. 


SApr^nmhAr 1936 , _ . 

.do............. 

±30 




1 Standard error of the mean for the total population (oolumn Z), 

> Total populatioii times the Moentage of germination. 

> Some m&etion observed on Deans; crops other than beets and beans showed little or no infection. 
«Scierotia produced on buried crowns of water grass. 
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An unusual case is presented in field G. The high population of 
sclerotia following a severe infestation on sugar beets was rapidly re¬ 
duced during successive crops of barley in 1932 and 1933. Asparagus, 
a nonsusceptible crop, was planted in the spring of 1934, and samples 
collected in August of that year contained no sclerotia, indicating a very 
low survival. During 1935 and 1936, however, there occurred a 
significant increase. Observations showed that the increased popu¬ 
lation occurred, not upon the asparagus, but upon the decaying 
crowns of water grass (Echinochloa crusgalli (i.). Beauv.) wliich had 
been buried by cultivation preceding a surface irrigation during warm 
weather. 

The differences between the results from successive sets of samples 
in the same field are usually comparatively large and in many cases 
are significant despite the relatively high standard error. Where 
successive detenninations from the same field arc available the uni- 
fonnity of results lends weight to the accuracy of the estimates. Some 
idea of the differences in estimated population that are due entirely to 
errors of sampling can bo secured by comparing the results from the 
analyses of September 1932 with those of N’overnber in the same year 
from fields E and F. Duplicate sets of samples collected at the same 
time are shown for field May 1934, and field H, May 1934. In 
eadi case the differences were well within the limits of differences re¬ 
quired for significance as determined by the standard error computed 
from the results of individual samples. 

The relation that exists between the percentage of infection on 
sugar beets and the population of viable sclerotia found in fields after 
harvest is shown in table 5. Determinations from 17 plots during 
1934-36 show’ a correlation coefficient of 0.88 ±0.056. It is apparent 
that the rate of multiplication is much greater in some fields tlian in 
others, but the causes of these differences have not been identified. 


Table 5. —Relaiion beiieeen ike percentage of infection on sugar beets and the popula¬ 
tion of sclerotia in the soil after harvest 


Field No. 

1 

Infec¬ 
tion on 1 
sugar 
beets ; 

Indi¬ 
cated 
viable 
popula¬ 
tion of 
sclerotia 
per 

square 

loot 

Field No, 

Infec¬ 
tion on 
sugar 
beets 

Indi¬ 
cated 
viable 
popula¬ 
tion of 
sclerotia 
per 

square 

foot 

Field No. 

Infec¬ 
tion on 
sugar 
beets ' 

Indi¬ 
cated 
viable 
IKipula- 
tion of 
sclerotia 
Iier 

square 

foot 

1. 

Percent 

1 

Number 

30 


Percent 
20 ^ 

Number 

2.195 
3,110 
1,880 
1,190 
1,505 

2.195 

13. 

Percent 

47 

Number 

1,680 

4,830 

6,650 

7,030 

2. 

2 

250 

8. 

20 

14 .. 

60 

70 

3. 

5 

200 

9. 

25 

15 .. 

4. 

10 

280 

10. 

30 

16. 

80 

5. 

10 

360 

n. 

40 

17. 

84 

I 

4.680 

6. 

13 

630 

12. 

46 



PREDICTION OF LOSSES IN SUGAR-BEET FIELDS FROM COUNTS 
OF SCLEROTIA IN SOIL SAMPLES 

Comparisons between the populations of viable sclerotia Wore 
planting as detenmned trom soil samples and the percentage of infec¬ 
tion occurring in sugar-beet crops had been made by the end of the 
1935 season in 19 locations representir^ a variety of conditions. 
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There is considerable variation in the results from individual fields, 
but, in general, the percentage of iirfection was closely related to the 
original population of viable sclerotia (table 6). Analysis of the data 
indicated a correlation coefficient of 0.75±0.10. 

During the fall and winter of 1935-36 an attempt was made to de¬ 
termine whether tliis method of estimating populations of sclerotia 
could be extended to growers' fields and used as a basis for predicting 
the percentage of infection in a subsequent crop of sugar beets with 
reasonable accuracy. Sugar companies collected 354 soil samples 
from 38 growers’ fields totaling 1,561 acres. Each sample consisted of 



A B 


Figure 4. —Distribution of soil samples in commercial sugar>beet fields. A, Method used in the season of 
ll®5“36. Ten soil-tube cores were collected at each station. B, Method used during the season of 1936-37, 
From 10 to 16 soil-tube cores were combined to form a sample. 

10 soil-tube stabs to a depth of 8 inches collected from the perimeter of 
a circle from 100 to 200 feet in diameter. The samplecf areas were 
uniformly distributed over the entire field intended for planting 
(fig. 4A). These samples were warfied separately through screens, the 
sclerotia recovered, and their viability determined in the laboratories 
at Davis. Reports covering the indicated population for each 
sampled field were supplied to the companies, ^veial fields that had 
an indicated population of more than 100 viable sclerotia per square 
foot were rejects for planting to sugar beets for the 1936 season, since 
previous results had shown that such fields usually suffered a Joss of at 
least IQi.percent of the crop. 
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Table 6. —Relation between the popvlaiion of eclerotia of Sclerotium rolfeii before 
planting and the percentage of infection on sugar beets in the indexed area 


[Data collected 1932 to 1935] 


Fielti No. 

Indicated 

viable 

I)opula- 

tion 

of sclero¬ 
tia (ier 
square 
foot 

Infec¬ 
tion on 
suffer 
beets 

Field No. 

Indicated 

viable 

popula¬ 

tion 

of sclero- 1 
tia i)er 
square 
foot 

Infec¬ 
tion on 
suffer 
beets 

Percent 

20 

25 

20 

I 42 
25 

21 

50 

1 

i 

Field No. 

Indicated 

viable 

popula¬ 

tion 

of sclero¬ 
tia per 
square 
foot 

Infec¬ 
tion on 
sugar 
beets 

1,. _ 

2..__ - 

3 . 

4 . 

5 . 

fl_ - 

7. 

Number 

30 

50 

50 

70 

t 76 

90 

! 95 

Percent 

10 

4 

8 

5 

8 

8 

< as 

! 

8. 

9- . 

. . 

11. _ 

12. 

13 . 

14 .i 

Number 

145 

190 

200 

216 

220 

375 

450 

15 .. 

10. ; 

17..1 

18.. .i 

19.- 

Number 

,566 

565 

1.380 

2,070 

2,510 

Percent 

40 

64 

69 

79 

69 


1 renjentHge of infection increased by high water table. 


Prior to the date of harvest, disease counts were made by examining 
from 2,000 to 3,000 beets in each area of the field from wiiich a sample 
was taken. The average percentage of disease for tiie field was calcu¬ 
lated from the sum of all counts in that field. 

In table 7 the population of viable sclerotia is shown for each sampled 
field along with the percentage of infection observed on the date of 
counting. Because numerous observations have shown that the per¬ 
centage of infection increases rapidly during July and August, the 
disease counts have been placed on a comparable basis by converting 
them to an estimated percentage of infection as of August 1. This 
was done by applying the rate of increase indicated by an average 
mortality curve which was secured by counting, at intervals of 10 days 
or 2 weeks, the increase in number of diseased plants in replicated 
plots in 12 commercial fields during three growing seasons. 

Analysis of the data from commercial fields (table 7) indicates a cor¬ 
relation coefficient of 0.85 ±0.049 between the indicated population of 
viable sclerotia (column 2) and the percentage of infection on the 
subsequent crop (column 3). When the values for percentage of infec¬ 
tion were converted to estimates as of August 1, the correlation 
coefficient (columns 2 and 4) was found to be 0.65±0.10. The per¬ 
centage of infection in field No. 21 was obviously increased by the 
excessively high water table. Analysis of the data with field 21 
omitted showed a correlation coefficient of 0.86 ±0.048 between the 
sclerotial population and the percentage of infection determined by 
counts (column 3) and of 0.77 ± 0.074 between the sclerotial population 
and the estimated percentage of infection as of August 1 (column 4). 

In the same way the number of sclerotia recovered from each of 293 
individual samples was compared with the pen^entage of infection in 
the same portion of the field from which the sample w as taken. The 
correlation coefficient w^as found to be 0.52 ±0.043 and the standard 
error of estimate 9.82 percent. 

Analysis of the results from individual fields reveals the following 
information: 

(1) As anticipated from previous results, all fields showing less than 100 
sclerotia per square foot produced losses of less than 10 percent. 

(2) Of the BIX fields yielding no sclerotia in samples, three showed no infection 
on beets; the other three showed less than 1 percent infection. 
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(3) All fields showing more than 200 sclerotia per square foot contained more 
than 35 percent infection. 

(4) The percentages of diseased plants in areas affected by seepage or in those 
with excessively high water table were much greater than in normal fields with 
similar populations of sclerotia. 

(5) Fields containing localized areas of severe infestations deviated widely 
(either higher or lower) from the anticipated level of infection. 

(6) In two cases a below-average incidence of disease was associated with 
applications of nitrogen fertilizers. 


Table 7. —Relation between fungus populations as determined by analyzing soil 
samples and the incidence of subsequent infection as measured by field counts, 
season 1935-$6 


Field No. 

Viable 
sclero¬ 
tia per 
square 
foot 
(aver¬ 
age 
(or 
field) 

Infec¬ 
tion on 
subse¬ 
quent 
crop 

Esti¬ 
mated 
infec¬ 
tion 
as of 
Aug. 1 

Field No. 

Viable 
sclero¬ 
tia per 
square 
foot 
(aver¬ 
age 
for 
field) 

Infec¬ 
tion on 
subse¬ 
quent 
crop 

Esti¬ 
mated 
infec¬ 
tion 
as of 
Aug. 1 

Field No. 

Viable 
sclero¬ 
tia per 
square 
foot 
(aver¬ 
age 
for 
field) 

Infec¬ 
tion on 
subse¬ 
quent 
crop 

Esti¬ 
mated 
infec¬ 
tion 
as of 
Aug. J 

1 . 

Num¬ 

ber 

0 

Per¬ 

cent 

0 0 

Per¬ 

cent 

0.0 

12. 

Num¬ 

ber 

10 

Per¬ 

cent 

J 5.2 i 

Per¬ 

cent 

1 7.2 

23 . 

Num¬ 

ber 

40 i 

Per¬ 

cent 

5 0 j 

Per¬ 

cent 

7.1 

2. 

0 

.0 

.0 

13. - 

10 

1 6 9 1 

1 4.1 

24. 

HO 

5 K 

11 5 

3. 

0 

.0 

.0 

H . 

20 

2.2 

1 3 

25. 

110 

11 0 

15.4 

4 

0 

.5 

1.0 

15 - 

20 

2.2 

1.4 

26.. 

130 

*3 0 i 

1 *1 7 

5. 

0 

.7 

.4 

16. 

30 

2.0 

1,2 

27. 

140 

12. 9 

1 9 0 

fi. 

0 ! 

.8 

1 7 

17. 

30 

3.1 

6.8 

28.-,--- 

160 

*4 8 

* 2 8 

7. 

<10 

<10 

<10 

.3 

1.1 

18. 

30 

1 2 7 

1 1.7 

29. 

350 

30 0 

21 0 

8 

,7 

.4 

19. 

30 

3 3 

5.0 

30 .... 

550 

15 4 
21.4 

21 6 

9. 


6 

20. 

30 

*4 5 

*2.7 

31. 

950 

15 0 

10. 

10 


1 2 0 

21. 

30 

. *8.6 

*25.8 

32. 

! 

1,190 

« 32 0 

! 22 4 

11. 

10 

I 4 5 

1 6 4 

22. 

40 


1 4 


1 Field contained localized areas of high infestation. 

3 Nitrogenous fertilizers applied. 

3 Percentage of infection inoreemipd by high-water table. 


The results from the individual soil samples showed a lower corre¬ 
lation with the incidence of disease in a particular portion of the field 
than did the field averages. One-half of the samples yielding no sclero¬ 
tia were, however, associated with areas showing less than 0.5 percent 
infection, while t^ee-fourths (15 out of 20) of the samples yielding 
more than 10 sclerotia (approximately 250 per square foot) were 
associated with areas showing more than 10 percent infection. In 
several cases the incidence of disease varied widely from the infesta¬ 
tion indicated by the individual sample. This may have been due to 
error of sampling or to failure to locate accurately the sampled area 
when disease counts were made. 

In view of the foregoing results a revision of the method of selecting 
soil samples was instituted during the season of 1936-37. Instead of 
collecting 10 soil-tube stabs from each of 10 or more portions of the 
field (fig. 4, A) single stabs are taken in straight row’^s across the field 
at intervals of 40, 50, or 70 yards denendmg on the intensity of 
sampling desired. The soil from 10 to IS stabs (approximately 3 
pounds) is combined to form a single sample and is screened as a unit. 
By staggering the location of the stabs in adjacent rows, a very com¬ 
plete sampling of a field can be secured (%. 4, B). This method may , 
tend to obscure the occurrence of small localized areas of infestation^' 
but is expected to greatly improve the reliability of the field average. 



























I Apr. 15, 1938 Determining Sclerotial Population oj Sclerotium rolfsii 631 


SUMMARY 

A reasonably accurate approximation of the population of sclerotia 
of Sclerotium rolfsii can be secured by the exaimnation of soil samples 
collected from growers' fields. The soil samples are washed through a 
series of three screens of 10, 20, and 40 meshes to the inch. Sclerotia 
are recovered from the residue and their germinability determined by 
incubation at 30° C. on the surface of unsterilized peat soil in Petri 
dishes. 

In sugar-beet fields approximately 80 percent of the sclerotia occur 
in the upper 0 inches of soil and less than 2 percent of the sclerotia are 
more than 12 inches deep. Soil samples are, therefore, taken to a 
depth of 8 inches in undisturbed soils. 

The population is expressed as the number of viable sclerotia per 
square foot of soil to a depth of 8 inches, the depth of sampling, and 
is computed by methods described in tliis paper. The information 
obtained in tliis manner provides a means of estimating the survival of 
S, rolfsii under different crop rotations and cultural conditions. 

The fluctuation of sclerotial population has been followed in 
permanently located areas witliin 17 growers' fields over periods of 
from 2 to 5 years. Results from eight of these fields are presented. In 
each area 10 soil-tube cores were collected at each of nine stations on 
the diagonals of a square approximately 300 feet on a side. 

Results indicate a relatively high correlation between the population 
of viable sclerotia, determined before planting, and the percentage of 
infected sugar beets in the same area. The number of sclerotia in the 
soil increased in proportion to the percentage of infection. Following 

50 percent infection of beets, as many as 5,000 sclerotia per square foot 
have been found. Cropping infested fields with nonsusceptible crops 
such as wheat or barley, or with winter crops such as peas, results in 
rapid reduction of the sclerotial population. Susceptible crops, such 
as beans, when supplied vdth abundant surface irrigation during the 
summer months usually maintain the sclerotial population at a moder¬ 
ately high level. 

During the seasons of 1932 to 1936 soil samples were collected from 

51 fields or portions of fields that were subsequently planted to sugar 
beets. Fields with more than 200 viable sclerotia per square foot 
invariably showed more than 15 percent loss of sugar beets, wliile 
those with less than 100 per square foot usually showed less than 10 
percent loss. This method of estimating the sclerotial population 
may be used to eliminate severely infested fields in advance of planting. 
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THE EFFECTS OF TEMPERATURE AND OTHER ENVI¬ 
RONMENTAL FACTORS UPON THE PHOTOPERIODIC 
RESPONSES OF SOME OF THE HIGHER PLANTS* 


By R. H. Roberts, professor of horticulture, Wisco'nstri Agricultural Experiment 
Station, and B. Esther Struckmeyer, research assistant iv horticulture. 
University of Wisconsin 

INTRODUCTION 

Ever since the demonstration of the principle of photoperiodism by 
Garner and Allard in 1920 (f), ^ it has been believed hy some workers 
that there are certain plants which will blossom only in a long- or a 
short-day environment. That is, it is considered that photoperiod 
has a spe<*ific effect upon the induction of the flowering state which is 
possessed only by this environmental condition. This view has 
persisted in spite of the fact that it has been known for a considerable 
time that celery (P), beets (fO), lettuce (ff), and stocks (4), which give 
responses to photoperiod, have been induced to blossom by “chillmg^' 
and that soybeans do not give the expected reaction to length of day 
when growing at high temperatures (5). 

It has been briefly reported that the photoperiodic responses of a 
number of plants are modified by temperature (7). Since that report 
was made further trials have been completed, giving a total of more 
than 40 species and varieties which show altered reactions to length 
of day when growing at different temperatures. This list includes 
plants which are commonly considered to be specifically photoperiodic 
in their reactions. The present report is a presentation of the ob¬ 
servations upon which these preliminary statements are based. 


MATERIALS 

A larger vari<*ty of plants was growm than was needed to test the 
effect of environmental treatments upon blossoming, as it was desired 
to secure samples from blossoming (reproductive) and nonblossoming 
(vegetative) plants to \ise in further studies of the obvious relation 
between the anatomical condition of the plant and its flowering state 
especially the characteristics of the phloem (8). The list in¬ 
cludes representatives of more than 40 families, 80 genera, and 120 
species and varieties. The families and species follow: 

Gramineae: Zea mays, Holcus sudanenttis, H, sorghum, Panicum miliaceum, 
Pkalaris arundinacea, Phleum pratense, Avena saliva, Triiicum aestivum, Secale 
cereale, Uordeum vulgare, Poa hulhosa, P. praiensis, Agropyron re pens. 

Liliaceae: Asparagus officinalis. 

Moraccae: Cannabis sativa. 

tJrticaceae: Urtica dioica. 

Polygonaceae: Fagopyrum esculentum. 

Chenopodiaceae: Chenopodium album.; Beta vulgaris, Spinacia oleracea. 

Amaranthaeeae: Amaranthus retroflexus, A. graecizans. 

Aizoaccae: Tetragonia expansa. 
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Portulacaceac: Portulaca grandiflora. 

Caryophyllaoeae: Dianthus plumartus, 

Hanunculaceae: Delphinium cuUorum. 

Capparidaceae: Cleome spinosa. 

Cruciferae: Thlaapi amn«e, Capsella burea-pastorist Brassica oleracea^ B, 
rapa, B. pekineneisy B. alhuy Matthiola bicornis. 

Crassulaceae: Bryophyllum proliferum. 

Ijegumiriosae: Phaseolua vulgarisy P. coccineusy Soja maxy Medicago sativQy 
Melilotus albtty M. dentalUy Trifolium repenSy Baptuia australisy Mimosa pudica, 

Geraniaceae: Pelargonium hortorum, 

Oxalidaceae: Oxalis corniculata. 

Tropaeolaccae: Tropaeolum majus, 

Euphorbiaceac: Euphorbia pulcherrimOy liicinus communis. 

Balsaminaceae: Impaiiens halsamina. 

Malvaceae: Althaea roseoy Gossypium hirsutum. 

Violaceac: Viola tricolor. 

Begoniaceac: Begonia semperflorens. 

Onagraceae: Clarkia eleganSy Oenothera pratensisy Fuchsia hyhrida. 

Umbelliferae: Daucus carotOy Petroselinum hortenscy Apium graveolens. 

Plumbaginaccae: Plumbago capensiSy P. indtca. 

Apocynaceae: Vinca minor. 

Asclepiadaceae: Asclepias syriaca. 

Convolvulaceae: Ipomoea purpureuy I. batatas. 

Polemoniaceae: Phlox paniculata. 

Verbenaceae: Verbena hybrida. 

Labiatae: Salvia splendcns. 

Solanaceae: Solanum iuberosumy S. pscudocapsicum, Nicoiiajia affmisy A’’. 
sanderac N. tabacum, Datura atramoniumy Petunia hybridoy Salpiglossis atnuaia. 

Scrophulariaceae: Antirrhinum majua. 

Plantaginaceae: Plantago major. 

Acanthaceae: Beloperone guttata. 

Cucurbitaceae: Cucumia aativusy Luffa cylindrica. 

Compositae: Cichorium intybus; Lactuca sativa; Chrysanthemum morifolium; C. 
maximum; Anthemis cotula: Rudheckia ladniata; Helianthus maximiliani; Cosmos 
bipinnatua; C. sulphurous; Asternovae-angliae; Tagetes crecla; Gaillardia amhlyodon; 
Ciraium arvense: Solidago canadensis; Sonchus oleraceus. 

More than one variety of a single species was grown in the following 
cases: Four com, two timothy, three oats, two wheat, two rye, two 
barley, two sugar beet, two turnip, four soybean, two moming-glorj^, 
two potato, two tobacco, two cucumber, and two orange cosmos. 

A minimum of four plants of each variety was used as a unit, for 
each treatment employed. Larger numbers were commonly grown. 
The tests of the more important species were repeated two to four 
times. 

METHODS 

Duplicate sets of plants were grown in two greenhouses during the 
winter of 1936--37, one house being carried at a minimum (night tem¬ 
perature) of 70° F. and the other at 55°. These temperature treat¬ 
ments will be referred to as the ‘‘warm’' and “cool” environments. 
There was little variation from these temperatures during the day¬ 
time until late spring. After April 1 the cool house would sometimes 
be warmer during the daytime but to no great extent until after May 
1, owing to the marked absence of high temperatures in early 1937. 
Outdoor maximum temperatures exceeded 60° on only 4 days until 
May 1 and 70° only twice before May 21, Minimum temperatures 
were above 55° on onlv 2 days prior to May 29. Plants from the cool 
house were transferred to out-of-door temperatures a little after danger * 
from frost was judged to be passed, May 26. 
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A limited series of plants was grown during the winter season at an 
intermediate temperature of about 63° F. 

Half of each lot of plants in the warm house and in the cool house 
was placed in a long-day and half in a short-day environment. The 
long-day condition was provided by ordinary electric lights, burning 
from before sunset until midnight. These delivered from 30 to 80 
foot-candles, as rneasured by a Weston photometer, to the place where 
the plants were situated. Their use was discontinued May 28. The 
short-day treatment was the normal winter day from October 15 until 
March 1. Beginning on that date the hght exposure was artificially 
shortened to approximately 9 hours. 

Except as otherwise noted, the plants were grown in soil and watered 
according to greenhouse practice. 

Other environmental treatments which were employed on a smaller 
number of varieties were bank-sand culture Gow nitrogen), partial 
defoliation (fig. 1), shading (light intensities of 10 to 15 foot-candles), 
girdling, and chilling. Many plants wore shifted from one environ¬ 
ment to another at different stages in their develo]>rnent and others 
were grown with different branches or parts of the plant in the long- 
and short-day environments. 

OBSERVATIONS 

TEMPERATURE AND PHOTOPEKIOD 

The time factor should be carefully considered when determining 
the photoperiod classification of a plant. An inspection of the litera¬ 
ture on photoperiodism shows a general tendency to call a plant a 
long- or a short-day one if blossoming is merely hastened by added 
light or bv a shortened daily light exposure. In the present trials, in 
which dilYcrent temperatures were employed, the time required to 
flower was largely ignored and the periodism of a plant was determined 
by whether the re])roductive characteristics were readily induced by 
a treatment, even though actual blossoming was at a considerably 
later time (fig. 2). 

Among the more than 40 species and commercial varieties of plants 
that give unlike responses to length-of-day environments when grown 
in different temperatures, there are a number which are of special 
interest. For instance, poinsettia, which is habitually considered to 
be a short-day plant, failed to blossom in short days when grown at a 
minimum ternperature of 70° F. from September "until April (fig. 3). 
On the other hand, 60 percent of the 20 plants which were given a 
long-day treatment blossomed at a temperature of 55°. Plants in an 
intermediate temperature of 63° to 65° gave the anticipated response 
of short-day blossoming and long-day vegetative growth. 

This influence of temperature upon photoperiodism is not confined 
to short-day plants, as is demonstrated by the results wdth Rudbeckia 
laciniata. This long-day plant has consistently remained a rosette 
and failed to produce stems in previous short-day experiments (tem¬ 
peratures of 60° to 65° F.) (6). On the other hand, when grown at 
55° it not only produced stems, but these formed blossom buds in the 
'short-day treatment, after a relatively long time—a definite refuta¬ 
tion of the commonly reported habits of this plant (figs. 4 to 7). The 
long-day cool plants produced abnormal blossoms (fig. 5), but with 
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wanner temperatures became more like the usual type. The sow¬ 
thistle also remained as a rosette, in the short-day warm house, but 
produced a typical stem and fruited in the short-day cool house. 



KioxiRf 2 -Fuihsm blossomed iii all environments but after diiTerent leuRths of tune. Stieh a variety 
.should be ('hi.s.sifled as indeterminate and not as long-daj A, .^hori-day, B, c*ooI, lorig-day, (\ 
warm, sliort-du>, 1>, warm. long*day. 



Fir.uHK 3 'I’liis of poinsel t la plants grown in different temperatures, all in short <la>s. .-1,70® F, imniiruim 
(vegetatlxe); H, 03® (fluweiingj, (vegetative, sU»wly) />, changed from 05® to 70® (flowers abscissed). 


Klondike cosmos (a ^vspetafically short-day plant^') did not blossom 
in the short-day warm house. In the cokl treatments it j?rcw very 
slowly, the lon^-day plants showing as much tendency to blossom as 
did tiie short-day plants (hgs. 8 and 9). 
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fiMiii 4 -TiMTiperature affects blossominR of rudbockia 4, TholoRiaphed >ebruan 8 a, tool, shctrt 
<la\, 6, cool, long-clay, c, uarm, short-clay, d, vcarni, Joug-tla\, f changed warm, long d w 1o \\arin short- 
day if, Photographed April 15, a, cool, short-ddivj»*, cool, Joug-da\ ’I he produc tion of shoots in c ool, 
short days (4,«) is in striking contrast to the rosettes {A,c) in warm, short dajs (6) 'Phis same tondition 

otcuis with sow thistle and with chic(jr> (fig 25; 



Fiqitre B.-^Rudbeckia blossoms: A, Warm, long-day to cool, long-day; cool, long-day; C, cool, long-day 
to warm, long-day; />, warm, long-day. 




Ma> 1 ,1938 Ternperafvrey Photoperiodic Responses of Higher Plants 639 



FkiURK b Hoot production and new foliage regeneration of nidbeckia, photographed April I') yl, Cool, 
short-dttj, B, cool, long-daj, C, w arm, short“da> (onginal foliage), J), A^ann, long-du>, L, wann, long-dav 
to warm. jshorl-da>, F, i ool, short-<la> to viariji,s.hort-da>, f?, c*ool, long-(la> to warm, long-da j, warm. 
long-(la> to cool, long-day Note the greater root system of A than B -.1 is a small plant (fig 4, B, 
and B is a large plant (fig 4, ii. b) B blossomed earlier than. 1. 
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Figure 7 —EITect of previous culture upon regeneration of nidbeckla, photographed June 28 Plants 
under common culture since April 16 Kn\iioumenls of previous culture period as shown in legeuil of 
figure 6 The warm, short-day plants died (C) Plants with a previous warm, long-day treatment did 
not produce flower stems. 
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FiGtJKK 8.—Klondike oosuios, photographed March 22: A, Cool, short-day; B, cool, long-day; C, niediuni* 
teinpernture, norraal-day (the only (ruiliug plants), Z>, warm, short-day (just beginning to elongate pre¬ 
ceding blossoming, since the day was shortened to 9 hours March 1); K, wann, long day. 
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The horiiculiural variety of Klondike cosmos, Orange Flare, wliich 
blossoms in midsummer, gave a most interesting response. It was 
assumed that this variant of the short-day Klondike was a long-day 
type. The results of the environmental treatments proved otherwise. 
In the cool-temperature environment it did give a short-day response, 
but in the warm house it blossomed under both the short- and long- 
day treatments (fig. 10). Very obviously, therefore, tliis variety 
blossoms in the summertime out of doors because of high tempera¬ 
tures and not because of long days. 

Probably the most interesting plant from a historical viewpoint is 
Maryland Mammoth tobacco, for it was from the short-day reactions 
of this variety that the photoperiodism concept originated (I). To 





Fkjuee ft.—Young plants of Klondike cosmos. Only the intermediate-temperature plants blossomed 
A, Cool, short-day; li, cool, long-day; C, intermediate-temperature normal-day; JD, warm, short-day 
Ji], warm, long-day. 


those who wo^d be inclined to look upon photoperiod as having- a 
specific effect in inducing reproduction, in contrast to the view that 
blossom-bud formation depends upon the internal condition of the 
plant (5), this tobacco would naturally be a key plant by which to 
test the specific nature of photoperiodism. Seedling plants started in 
long-day warm conditions in September were still vegetative in May. 
Plants which were, old enough to have several leaves, became repro¬ 
ductive in only 3 or 4 weeks after being transferred to the short-day, 
warm environment. The rate of growth was slower in the short-day, 
cool location, but blossom buds were soon formed. The plants m 
the long-^ay cool location took on the growth habits of reproductive 
plants withm a few weeks after being transferred, and clearly formed 
blossom buds after 2 % to 3 months’ exposure (fig. 11). That is, 
Maryland Mammoth tobacco became reproductive in long days when 
growing at a cool temperature. 
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FiouEifi 10 — Orange Flare cosmob, a summer-blobboming \arjant of Klondilre Cool short da>, /?, cool 
long«day, C, warm, sbort’da'V, D, warm, long da> The long*da> blossoming of this \anet> illustrates 
a temperature ‘sport 
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Figvre 11.— Maryland Mammoth tobacco’ A, Photographed April 19, treatments begun January 15 Cool, short-day; b, cool, long-<lay (budding); c, warm, short-day 
(fruits and regenerating, j rf, warm long-Jay. B, Ffiotographed Ma> 2b «, Cool, long-day (buddingi, 6, warm, long-day. 
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Some other responses of purti(*iilar interest follow: The tobacco 
variety Havana No. 38 (li^. 12) blossomed first in lon^ days in the 
warm temperature, but in all environments after different lengths of 
time. Other jdants giving a similar reaction were buckwheat, 



FiorKE 12.-”-IlavHtm No. 3S toba{'<‘o hJo.ssonwHl fir.si in ionsr days but rvonttially in all environments: 
A, C^ool. short-day, H, cool, lonp-day; C, uarm, sliort-day, f>, warm, lonc-day. 


fuchsia (fig. 2), mustard (white), nasturtium (fig. 13), New Zealand 
spinach, and pepper. Morning-glory (var. Heavenly Blue) blossomed 
in short-day warm and long-day cool locations (fig. 14). When the 
ilay length was shortened from the normal winter day of March to 
9 hoiirs, cosmos and poinsettia plants which had remained vegetative 
all winter in the warm house becjime rcpmductive. 
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Figure 13 —Nasturtium budded aud flowered in all environments but after different lengths of time: 
A, Cool, short-day; B, cool, long-day, C, w-arm, short-day; D, warm, long-day. 



Figure 14.—Morning-glory {Heavenly Blue) blossomed in warm, ^hnrt-dav and cool, long-day environ* 
monts: A: o, Cool, snort-day; 6, cool, long-day; c, warm, short-day; d, warm, tong-day. B: Oloso-up of cool 
short-day («) and cool, long-day (6) plants. 
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Some plants blossomed in only one of the environmental combina¬ 
tions, for example, bluegrass (short-clay cool) (fig. 15), chrysanthe¬ 
mum var. Lillian ]3oty (short-day warm) (fig. 16), Cleome (long-day 
wann) (fig. 17), white clover (long-day cool) (fig. 18), and salvia 
(short-day cool). Others blossomed in one temperature with rel¬ 
atively little regard to length of day. Examples of these were German 
stocks (cool) (fig. 19), field corn (wann) (fig. 20), bush bean (warm), 
pansy (cool), phlox (>yarm) (fig. 21), and geranium (cool) (fig. 22). 
A few plants ^ave similar i)hotoperiodic reactions in both the warm 
and cool environments. These were spring oats (var. Victory) 
(fig, 23), winter oats (fig. 24), spring barley (Oderbrucker), chicory 
(fig. 25), larnbsquarters, fall aster, Shasta daisy, dogfennel (fig. 26), 
annual sugar beet (fig. 27), and possibly Melilotus dentata (fig. 28). 

No blossoms were produced on such species as potato (figs. 29, 30), 
sweetpotato, and variegated geranium in any of the environments 
provided. 

Canada thistle, plantain, and wild sunflower plants made no 
appreciable growrth throughout the winter in any of the four environ¬ 
ments. Plants of these species collected after the ground had thawed 
in April grew^ readily, suggesting that a period of chilling had broken 
their ^*rest period. 

The species and varieties wdiich gave different {)h<)toperiod responses 
at different temperatures during the w inter and spring of 1936-37 were: 
Alfalfa (seed setting), wdnter barley, castor-beans, bush beans, bcetvS 
(fig. 31), bulbous bluegrass, Kentucky bluegrass, bryophyllum (fig. 32), 
(fliineso cabbage, reed canary grass (fig. 33), celery, chrysanthemum 
var. Lillian Doty, Cleome, wdiite clover, corn var. Golden Glow^, Klon¬ 
dike cosmos, Orange Flare cosmos, cucumber, geranium, gourd, hemp, 
jimsonweed (fig. 34), lettuce (fig. 35), morning-glory, pansy, pigweed, 
phlox, plumbago, j)oinsettia, quackgrass (fig. 36), riidbeckia, spring 
rye, wdnter rye, salvia, soybean var. Illini (fig. 37), stpiash, stock, 
vSudan grass, sow’^thistle, timothy (figs. 38, 39), Maryland Mmumoth 
tobacco, tumbleweed (fig. 40), spring w’heat, and winter w^heat (fig. 41). 

The unlike responses of different branches or parts of a plant when 
these are given different photoperiod environments constitute one of 
the interesting angles of iiSS phenomenon of photoperiodism (^, 6), 
Tliis customary result was not secured wdien morning-glory plants 
were placed with part of the plant exposed to one photoperiod treat¬ 
ment and the remainder to another. At w^arm temperature the variety 
Heavenly Blue behaved as a short-da}?' plant. Plants with the bases 
(2 feet) and lower branches in a short-day environment and the tops 
in a lon^-day blossomed throughout. Plants with the bases in a long- 
day environment and the tops in a short-day gave a delayed response 
but also blossomed in both environment.s. Plants in a long-day 
environment did not blossom (fig. 42). Unlike some other species, 
the morning-glory appears to respond systcmically and not locally. 
Also the reproductive state may originate in the base as well as in the 
upper portion. 

in the case of plants w hicli w'ere unfavorably afl’ected in their grow th 
and fruiting responses by the warm environment, added light (long- 
day treatment) frequently aggravated the temperature injury instead 
of being a compensating factor (figs. 15, 31, 33). 
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FigirkF) KcnlmKv bluograss Cool short dav B, cool, long day C, warm, short da's 1> Harm, 
, long da> 
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Fioube 16.—Chry.-mtithemiim var. Ljlliau Doty: A, Cool,short-day; B, warm,short-day, C, cool, long-day 
D, warm, long-day. Plants that arc kept oool sucker instead of producing stems. These i>lants were 
practicjilly the size shown when the treatments iiegau. 


062r>0—38-2 
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riOLKE 19 Stocks blossom onh at f(K)l toinpmturos .t, Cool, short‘day (budding) B, cool, long-da\ 
C, warm, shoit day, warm, loug-day 
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FiCtiTRK 2»).“-C’()rn (Goklea Glow) Is Inwnsitivp to i>hot<»i)eriod ut high temperatures, although u responds 
at intermediate temperatures ((?): A, Warm, short-day; B, cool, short-day; C, warm, long-day; />, cool, 
long-day. 
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110 LBF 21—Phlox blossoms at warm ttraf)crMt lifts t, Cool short dav /?, cool long<ln ( irtn short 
< day, />, warm, lung day 



i'lOURF 22 -aeraniuin blossomed better m a cool tomptratun A, Cool, short-day, B.eool, long dav 
C, Warm, short day, Z), warm, long day 
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oats 1 a ( ool short daj b cool long day r ^^a^m short di\ d yvarm lon^, da\ 
li Hoots of pi mts m A Bru ting iilunts had Us*» roots tarlv fruiting (d) had much less than if a go< d 
liaf <l(yelopmint had prt((did luadirij; (b) Compart with hgun 4J 



Fiourf 24 -^WlnUT oats shows more adaptation to temperature than \ ictory (fig 23) ith more foliage 
it also shows more rooting, same arrangement of plants and lettering as m figure 23 
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FiauBB 27.—Annual su^ar beets (No. 2240) need long days to produce first-season ^‘bolting’': A, Cool, 
short-day; cool, long-day; C, warm, short-day; i), warm, long-day. Compare with figure 31. 
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Figubb 29.— Triumph j>olato, photographwl March 17: 4., Top growth: a, flool, shorl-day; b, cool, long*day; 
c, medmm temr)eraturo, normal-day, d, warm, short-day. e, warm, long-day. H, lloot.s o( one i>laiit and 
tubers from three plants of each lot arranged and lettered as In A. 
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FiotmE 30. “Irish C\)bblor potato grows slowly except under long*day, warm condition (compare with flg. 
29, A): Ay Cool,,short-day, B, cool, warm-day; C, warm, snort-day; />, warm, long-daj. 
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Figure 31. -Table beet var. Karly Wonder; A, Cool, short'day; cool, long*day; C, warm, short-day; 
« D, warm, long-day. Compare with figure 27. 
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Figure 32. -I>ong-(iay {B) bryophylluni plants regenerate abundantly, short-day plants do not (.1) 



FiauRK 33.“-Ileed canary grass: Cool, short-day; B, cool, long-day; C, warm, short-day; B, warm. 

iQog-aay. 
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1 1 ( URF M Jimsoiivnod r(spou(lod to terniw raturt as wi 11 w to photoixnoil t ( ool <<horf liav (fruituiK 
li tool long day (blos‘<oTniiit,) C,vtirm short day (bl(»SM>inini,),/> warm long day (\(Mtat*'0 



FiouKB 35 —Lettuco blossoming varied with temperature nutrient and photoperiod A, Pool, short day, 
B, cool, long-day (begiimtog to bolt), C, cool, long-day (same age as B) In sand culture (low nitrogen), 
J), warm, short day, B, warm, long-day 
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^'KiUKE 36.—Quackgrass'. A', a, “Frtilting” habit of Pm bulbosa, a cool, short-day-prpfert'nco plant, b, 
cool, short-day, c, cool, long-day ^heading); d, warm, short-day; r, warm, long-duv (sterile stems). P: 
Hoots of quackgrass plants arranged as in A. F'ruiting plants (5) are producmg underground shoots 
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FuiUHE 37.—Soybean var. FloweritiK vari<^ with toimnirature m well as photoperiod: C(>(»1 

short-day; B, cool, long-day; C, warm, short-day (fruiting); i), warm, long-day. 
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AiBerent 
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Fioiikb 40.—Tumbleweed, photoRraphed March 27: A, Cool, short-day, Ji, (hk)1, lonR-day; C\ iiiodlum- 
teraperatuxe, normal-day (fruitmg); i), warm, short-day (fruiting); /?, warm, long-day {\egetotive) 
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Figure 41. —Winter wheat: Tops, a, cool, short-day; b, cool, long-day; c, warm, short-clay, rf, war%lfLipng' 
day. B, Abundant roots follow leafy tops. Lettering In same order as A , Compare with figures 23'Snd 24. 
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Fiuure 42 - IMants of warrn-toraporature morniuR-glory var. Henvonly Bluo' A, Sliort«(iay (blossoming). 
li, baso ami branchos, short*day (blossoming); C, top of plant B, long-day (blossoming)» D, top of plant 
K sbort-day (^budding), E, base and branches, long-day (budding), F, long-day (vegetative). Blossoming 
was induced ny any part of the plant being under short-day treatment 
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Fx'oin the performance of some plants such as portulacu, dianthus, 
and celery (fig. 46) it appears that variable temperatures and/or light 
conditions would be more conducive to flowering than uniform en¬ 
vironmental conditions. 

OTHER ENVIRONMENTAL FACTORS 

Other treatments than temperature were used with a few varieties 
of plants to affect the initiation of the reproductive state. Like tem¬ 
perature and photoperiod, a low nitrogen nutrient (bank-sand culture) 
may have ojiposite effects upon the time of blossoming of different 
plants. For example, this nutrient condition liasteiied the flowering 
of Claricia but delayed it in the case of marigold (fig. 43) Previously 



4i -Nutrient affeus blossominj]; of dilTeront plants unequally 1, Mangold m sand (vegetatisi), 
fi, saiiM* in sod (blossoming), C, Clarkw m sand (blossonung), 7>, same m soil (budding) 


blossoming geranium j)lants which were made vegetative by a warm, 
sliort-day treatment blossomed in this environment when transferred 
from soil to sand. 

Girdling did not induce flowering of Klondike cosmos or poinsettia. 
This technique is noted for giving variable results, being effective in 
those situations wliere the girdled plant is “(dose to becoming repro¬ 
ductive” (fig. 44). For instance, varieties of apples wliich are “early 
bearers” will usually make a strildng response to girdling, whereas 
those wliich are known to be late bearing may sliow no blossom-bud 
formation the first season after being girdled.'’ 


3 Unpublished data. 
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Figure 44.— Girdled apple trees' A, \Vinesap, still vegotative; B, Wealthy, blossoming. Top and suckers 
of Winosap much alike m foliage appearanec and bark color; Wealthy top (girdled) unlike sucker in growth 
characters. 
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Partial defoliation (fig. 1) prevents or delays blossoming (fig. 45), 
the degree of influence apparently being in proportion to the readiness 
with wliicJi the plants flower. Plants whi(m produce blossoms at only 
a few of their growing points are readily inhibited from blossoming by 
a reduction in leaf area. On the other hand, if it is the habit of the 
plant to flower abundantly, defoliation has less effect upon blossom 
production. 

Shading in wliich the light intensity was reduced to 10 to 15 foot- 
candles, had much the same type of effect as partial defoliation. It 
should be borne in mind, however, that the effects are different when 
the plants have a good soil medium than when they are grown in bank- 
sand culture. In the case of a low nitrogen supply, flowering may be 
benefited, of course, by partial shading or defoliation. 

The attempt to induce bolting of celery by cool temperature was 
not very successful, as happened in a previous case (6*). The following 
interesting result was secured wdth celery, however, and may explain 



Kioure 46.— Wax l>eans: A, Cool (vegotativc); U, warm ‘Mefoliatod'' (vegetative); r, warm (fruitingV 

the previous failures. Wliile plants started in October did not pro¬ 
duce seedstalks by May in any of the four environments, plants in the 
cool house but xn the noimal day became reproductive (fig. 46). 
Obviously, the slxifting day length* with the advent of spring had a 
different effect than a continuous long-day treatment. The short- 
day plants which had been in the cool teipperature treatment began 
to bolt in the warm weather of June. This shows a reaction to a 
varying length of day at uniform temperature as well as to varying 
temperature with a uniform length of day. 

ROOT DEVELOPMENT 

The question of the root development of plants grown in different 
environments belongs, properly, to a later paper in which the ana¬ 
tomical condition of roots is to be recorded, but some of the striking 
relations of top and root development that have been observed should 
be rejported without this delay. 
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The amount of roots the plants produce is obviously related to the 
extent and character of the folia{?c development ((i^s. 23, 24, 28, 29, 
30, 41). The flowering state seemed to reduce root formation. vSince 
Jiiany ])lants had a small amount of foliage when flowering began, 
these ^so had smaller root systems. If abundant foliage was pro¬ 
duced prior to the advent of blossoms the fruiting plants had a more 
extensive root development. Root extension appears to be related to 
the external environment only as the latter is reflected in the character 
of top produced. 



FniriiE -“HoltinK” of ci'lory occurml uu<lpr cool, natural-tlay rather than under short- or long-day 
treatment .1, Warm, long-day, H, warm, short-day, w'ariii, normal-da.N; i>, cool, long-day; E, cool, 
short-day (seedstalks lictginnitig); cool, normal-day. 


DISCUSSION 

The view to be taken of the role of photoperiodism in inducing 
blossoming becomes altered from what it has generally been for the 
last 17 years when the effects of temperature upon photoperiodic 
responses are considered. Photoperiod is thus no longer a factor 
having a specific effect which cannot be mucli modified, but becomes, 
along with other external environments, one of the contributing con¬ 
ditions which, taken together, create an internal condition of the 
plant that results in blossom-bud formation (5). For many plants, 
a certain pbotoperiod may be a dominant recpiiiement, but it now 
appears that it is not an essential one. This fact, together with the 
finding that the carbon dioxide exchange rhythm is correlated with 
the flowering state (6*) and that the anatomical conditions of plants 
appear to affect blossoming (<S, 12), is taken as evidence that the 
production of blossoms may be duo to a like physiological condition 
m manjr plants and not the result of a different one for each variety. 
While different external environments are required to induce blossom¬ 
ing of different varieties, the present data seem to indicate that this 
reaction was the result of a common type of condition within the plant. 

Another item of theoretical importance is the reaction of morning- 
glory when growing wdth parts of the plant in different environments. 
It*8 systemic instead of local response "would lead to the suggestion 
that the deduction, which has been made from some plant habits, 
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that photoperiod pheiionietia orif»i»ate in ( lie apex of t he plant, nhoiihl 
wot become a generalization. 

It would now appear probable that much of the uncertainty which 
is becoming apparent in the literature as to the proper photoperiod 
classification of some plants has arisen from variations in the cultural 
treatments other than photoperiod, such as temperature. 

The influence of environment upon plant form is very apparent in 
many series (figs. 18, 19, 26, 28, 33, 40). 

The very apparent fact that soine varielics within a species show a 
marked adaptation to widely difh'rcnt environments raises this ((iies- 
tion: Is the degree of adaptation a genetic character? If it should be. 
more definitely determined after further trials that the ability of a 
plant to thrive in other than a narrow range of environments is 
hereditary, this character should be recognized and given special 
consideration in the breeding and selection of agricultural varieties 
(figs. 23, 24, 29, 30, 38). 

Since a given environment, such ns photoperiod or temperature, 
does not have a specific effect in inducing blossoming but has a varying 
effect depending upon other factors, in future studies to determine 
why plants blossom it would seem advisable to ^ive special attention 
to the internal conditions that influence blossoming. 'VMule different 
factors of the environment may appear at times to have a regulating 
effect upon the production of blossoms, it would seem that this is so 
only beca\ise those factors induce certain conditions witliin the ])lant 
which result in blossoming. 


SUMMARY 

The photoperiod responses of a number of plants were altered by 
temperatures a little above or below those usually cmjdoyed in green¬ 
house culture. Among the plants so affected wore poinsettia, Klon¬ 
dike cosmos, rudbeckia, soybeans, and Maryland Mammoth tobacco. 
The effects of other environmental treatmen ts as well as tcm])eraturc 
indicate that the blossoming state results dirwtly from the nature 
of the internal cendition of the plajit rather than from any specific 
external treatment. 

Morning-glory plants with branches in different photoperiod en¬ 
vironments blossomed throughout instead of giving a local response 
as is the case with some plants such as poinsettia, cosmos, and Mary¬ 
land Mammoth tobacco. 

Root development was not well related to the photoperiod treat¬ 
ment but rather to the foliage character of the toj). 

Orange Flare cosmos wdiich blossoms in the long days of summer 
appears to be an example of an adaptation to temperature rather 
than to photoperiod. 

If, as apj^ears from the responses of several varieties of plants, 
adaptation is a genetic character, it deserves greeter consideration 
than is now given it in plant-breeding work. 
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STUDIES ON THE PHYSIOLOGY AND INHERITANCE OF 
FEATHERING IN THE GROWING CHICK» 

By M. H. Badi, graduate student, and I). C. Wakren, poultry geneticist^ Kansas 
Agricultural Experiment Station 2 

SCOPE OF THE PROBLEM 

The term ^Teatliering’^ as used in this paper refers to the extent to 
which the bird is clothed with feathers at the time it attains the 
broiler stage. In a study of this type, a wide range of factors is 
involved since feathering is a jirocess of growth and development 
subject to the effects of numerous physiological and inherent agents. 
A consideration of the physiological nature of feathering requires 
investigation of the dietary, hormonal, and environmental factors. 

From the marketing standpoint, good feathering is indispensable, 
if a piofit is tc) be realized, for poorly-feathered broilers are subject to 
severe market discrimination. 

STOCK USED 

The birds ust‘d in all the studies which are to be discussed were a 
part of the Hock carried at the Kansas Agricultural Experiment Station. 
Approximately 3,100 birds were utilized in a period of 4 years. Three 
strains of the Rhode Island Red breed referred to as the early-feather¬ 
ing, the well-feathering, and the poor-feathering were utilized. 

The early-feathering strain is characterized by early-developing and 
rapid-growing feathers. The rate of feathering in these birds is 
similar to that commonly found in the birds of the Mediterranean 
breeds. This type of early feathering is a heritable, sex-linked, 
recessive characteristic. The strain was established by selection of 
early-feathering chicks in a strain known not to be homozygous for 
the sex-linked rate-of-feathering gene. 

Both the well- and th(‘ poor-feathering stocks are known to be 
homozygous for the sex-linked dominant allel of early feathering. 
These two strains were the result of plus and minus selection for 
degree of broiler feathering in the usual late-feathering stock of the 
Rhode Island Red breed. An unselected strain of Single-Comb Rhode 
Island Red was used for most of the physiological studies. 

FEATHER TRACTS 

For the purpose of this study, 10 feather tracts are recognized. 
The name given to the tract is indicative of its location, which is 
shown in figure 1. 

The differentiation among the birds used in this study was based on 
the condition of feather development at the end of the seventh or 
eighth week. An arbitrary scoring system was devised, and in esti- 

I Received for publicatiou September 27,1037; issued May 1938 Contribution No. 107, Department of 
of Poultry Husbandry, Kansas State Oolloge. 

* Ackxiowle<l(nuerit is due Dr. J. S. Hughes of the Chemistry Department and to Dr. "Mary T. Barman 
of the Zoology Deiwrtment for aid in special pha3e.s of th e work. _ 
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mating the feathering of a bird by this system each of the 10 feather 
tracts was individually graded. A maximum grade of three points 
was assigned to each of these tracts. In order that a tract might 
receive the perfect score of three points, the feathers growing thereon 
must have been sufficiently long and abundant to cover completely 
the whole area of the tract. A tract with feathers abundant but not 
quite long enotigli to exhibit a unifonn surface was cut one point. 
A tract was cut two points if the feathers were sparsely scattered over 
the tract, many in the pin stage, and areas free from feathers were 
showing. If no feathers had appeared, and the down still persisted, 
a tract was given a score of zero. Thus a bird with well-developed 
feathers on all of its 10 tracts might make a maximum grade of 30 



Figt’Re 1.-Variations in degree of fcatherlnp: and^catlon of feather tracts* .1, Dorsal viovv: Web; 

bk, back; ih, fhipb, <^hd, shoiikler. Ji, Lateral ^^e^v*- 6r, Rreast; hd, head, «/.*, neck, tt, \'entral. //. tail, 
Ig, le«. 


points. Figure 2 shows representative skin samples fi'om the back 
region of 7-week-old birds with scores of 0, 1, 2, and 3. 

In the early work, the evaluation of feathering was made at 8 weeks 
of age. In the later investigations, however, it was made at 7 weeks. 
This change was deemed advisable, because it was found that the 
difference in the degree of feather grow th among birds was obscured 
wdth advancing age. Thus, the variability among such birds was 
more strikingly evident at about the seventli week of age. Since con¬ 
siderable sexual dimorphism exists in relation to rate of feathering, it 
was impossible to select an age which would be optimum for both 
sexes. The age of 7 w eeks was perhaps a little late for females, but a 
younger age would have been too early for the most satisfactory 
classification of males. 

PHYSIOLOGICAL STUDIES 

Ainumber of different studies have been made during the course of 
this investigation with a view to ascertaining the physiological nature 
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of feathering. Dietary, hormonal, as well as environmental, agents 
have been studied in their relation to feathering. In the discussions 
which follow, the question of interrelationship among the various 
agents studied will be pointed out in the light of the results secured. 

FKATHEK GROWTU 

The process of feather development has been studied by a number 
of workers; therefore, it is not necessary to go into the details at this 
time. However, a brief description of the more important steps 
leading to the formation of the feathers seems pertinent. Feathers 
first appear as small papillae on the skin of the embryo about the 
sixth day of incubation. These papillae, which arise from the epi¬ 
dermal layer of the skin, elongate and at the same time tend to sink 



below the surface into the dermis to form the feather follicles. Ac¬ 
cording to Hosker (8),'^ the down and the definitive feathem arise in a 
similar manner from the stratum Malpighii of the skin and the 
papilla, respectively. 

The definitive feather develops from the same ])apilla from which 
its downy predecessor had arisen, and at the time the definitive feather 
appears externally the interior end of the down is often attached to 
the tip of the newly formed feather. 

A wide range of variation exists as to the time of appearance of 
feathers. Some chicks are practically fully clothed with feathers at 
4 weeks of ^e, while others carry the juvenile down for as much as 
12 weeks. The question arises as to what is the status of the feather 
in the birds in which this long-delayed emergence ocours. 

Histological studies were made on skin from the backs of 7-week-old 
birds which were entirely devoid of feathers and comparison was made 
of skin from the back region of day-old chicks. The only difference 
observed was that the feather follicles in the 7-week-old bird appeared 

> Uefemnee is made by numbar (italic) to Literature Cited, p. 704. 
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deeper and larger than those in the day-old chick. This condition was 
evidently due to the rolath^e thickness of the skin in the two birds 
rather than to further diflferentiation having occurred in the older bird. 

The stage of development at which delay in feather development 
occurs seems to be the very initial stage in formation marked by the 
proliferation of the intermediate cells. No indication of this cellular 
proliferation was noted in the transverse skin sections of the 7-week- 
old birds which were studied. The histolo^cal picture of the inacti¬ 
vated feather germ to which the down is still attached, as found in a 
7-week-old Rhode Island Red bird, is shown in figure 3. This figure 



J'lrH'UE 3-~nevelopment of the feather. A, lYansverse section of a feather follicle from the back region of 
a day-oM chick X 200. Irnplantalion of the down in the follicle is evident. B, Transverse section of a 
feather follicle from the featherless back of a 7-week old chick. X 200. Note the persistence of the juvenile 
down and the vsinulanty to the dav old chick follicle with respect to lack of cellular difiTercutiation within 
the follicle. The feather follicles of this bird are deeper, because of its thickened skin. 

also shows the details of the feather germ as it exists in a day-old 
chick of the same breed. 

ORDER OF APPEARANCE OF FEATHERS IN THE TRACTS 

The age at winch the feathers begin to appear on the various tracts of 
a single bird differs as much as 8 weeks. The feathers located at the 
caudal end of a tract usually appear first and attain the greatest length. 

A systematic study was made of the order of appearance of feather 
tracts. The chicks were examined at weekly intervals. The data 
obtained on the three strains of Rhode Island Reds used in this study 
are given in table 1. The data show the age at initial appearance of 
feathers in a tract and also variability in time of appearance. Similar 
d^ta Qu the early- and late-featheri strains of miite I^eghoms are 
also shown in table 1. 
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The number of chicks in each sex in the various strains shown in 
table 1 ranged from 24 to 46. It should be kept in mind that the 
early-feathered Leghorns and the well- and poor-feathered Rhode 
Island Reds constitute the normal condition for these two breeds. The 
sex-linked early-feathered strains in the two breeds show an earlier 
development of feathers in most tracts than do the other strains. This 
is most strikingly exhibited in the tail tract. 


Table J. —Time and order of appearance of feathers in the different tracts in early-^ 
well-^ and poor-feathered Rhode Island Reds and early- and late-feathered White 
Leghorns 

RHODE ISLAND REDS 

j Percentage distribution of birds on basis of age at time of 

I appearance of tract 
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The order of appearance of the tracts varied somewhat in the 
different strains but usually the shoulder, thigh, and breast were the 
first regions to show feather development. 

The various strains differ consistently enough to indicate that in 
addition to the well-known sex-linked pair, other genetic factors con¬ 
trol the time of appearance of the adult type of plumage. The later 
classification as to feathering at 7 and 8 weeks is probably a measure 
of the same genetic differences noted here. 

EFFECT OF BODY GROWTH ON RATE OF FEATHERING 

The influence of body w^eight upon the rate of feathering at 8 weeks 
has been studied. It appears from the results of this study, which 
was carried out on unselected Rhode Island Red birds, that the in¬ 
fluence is not great. The coeflficient of correlation between body 
weight and grade of feathering w^as found to be 0.194 ±0.013 and 0.055 
±0.016 in 305 males and 297 females, respectively. These values are 
too low to be of any practical importance. 

The analj^sis of data obtained from a similar study in 1933 gave 
somewhat higher correlation coefficients, these being 0.2398 ±0.0359 
in 312 males and 0.3833 ±0.0336 in 292 females. Gericke and Jflutt 
(ff) in work with Barred Plymouth Rocks secured a coefficient of cor¬ 
relation of 0.8J20±0.0109 between body weight and feather develop¬ 
ment when the chicks were 8 weeks old. It snould be noted, however, 
that these investigators raised their birds on rations of different ])ro- 
tcin levels, which might have been a factor in securing such a high coi*- 
relation value. In the present studies all the birds were given a 
normal ration and management. Jaap and Morris { 9 ), working with 
a number of different breeds of fowl, reported a correlation coefficient 
of 0.23 between bddy weight and feathering at 8 wrecks. 

It thus appears from these studies that body weight and feathering 
us determined at the age of 8 weeks bear no close relationship. 

SEX IN RET.ATION TO FEATHERING 

Sexual dimorphism in rate of ftathering was noted throughout this 
investigation. Table 1 gives a comparison of time of appearance of 
feathers in the various tracts of birds of the difl'erent strains studied. 
In this table is given the percentage of chicks showing each feather 
tract at ages ranging from 1 to 8 weeks. The data clearly demon¬ 
strate sexual dimorphism in the rate of feathering. A comparison of 
the males and females of any one strain shows an earlier appearance of 
the tract in the case of the females, or a higher percentage of the 
females showing feathering in a given tract at any period. 

Studies made on the development of the embryonic feather papillae 
in connection with this investigation revealed that in the female chick 
embryo the feather papillae appear somewhat earlier than in the male 
embryo, the difference in time of appearance between the two sexes 
being only a matter of a few hours. On the basis of this fact, it was 
possible to distinguish the sex of the embryo by the relative develop¬ 
ment attained in its feather germs. The results of this phase of work 
are not yet published. 

From the foregoing discussion, it is evident that feathering is 
greatly affected by sex, since the time of appearance of feathers and 
theiir rate of growth seem to be closely associated with sexual phe- 
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nomena. As a rule, the feathers of the female appear earlier and grow 
at a higher rate than those of the male. 

MOLT IN RELATION TO BROILER FEATHERING 

Molt is known to take place in the growing chick as well as in the 
adult bird. Marble { 14 ) observed that at 6 weeks of age the White 
Leghorn female chicks showed considerable molt in neck, back, pelvic 
wing (thigh), and pectoral (breast) regions, while no molt was evident 
in the males of the same age. During the seventh and eighth weeks, 
lie observed that this molt continued to show more distinctly, in the 
female alone. Dunn and Landauer (^), working on the Silver- 
Spangled Hamburg, reported that the process of molt occurs in a 
definite rhytlim in a given feather tract and is almost continuous dur¬ 
ing growth. Warren and Gordon {22) noted that in the Rhode 
Island Red and Leghorn breeds, as wdl as in other domestic fowls, the 
juvenile remiges undergo at least one complete molt during growth. 

The eflVct of molt in the growing chick on the feathering score as 
determined in this study was of interest. Eight Rhode Island Red 
and eight White Wyandotte chicks were dipped in a coloring solution 
of crystal violet when 3 weeks of age. The White Wyandottes were 
used primarily because of the advantages of dyeing a white plumage. 

Weekly observations were made on all the featlier tracts of these 
chicks to ascertain whether molt had occurred. The fact that in the 
majority of individual tracts the feathers make their appearance in a 
definite succession, namely, the postero-anterior direction, was of 
some aid in the seanh for the molted feathers. The presence of an 
undyed feather among the feathers of dyed tips was indicative of molt. 

At the age of 6 weeks, by which time practically all the feather tracts 
had made their appearance, the chicks were dipped in a green dye. 
The green color, however, was not sufficiently dense to mask the 
purple used in the previous dyeing. 

The results of this study indicate that molt previous to 9 weeks of 
ago is not a factor of imfiortance in broiler feathering. No indication 
of molt was observed during the first 7 weeks of this experiment, and 
only slight evidence of molt was noted at 9 weeks. It is clear that 
the first molt in Rhode Island Reds and Wyandottes takes place later 
than in the Leghorns in wdiich Afarble {14) found molt occurring at G 
weeks of age. The findings also show that molt does not materially 
affect the results of this study. 

RELATION OF DEGREE OF FEATHERING AT EARLIER AGES TO THE FEATHERIN(; 

SCORE 

Length of Wing Feathers of Day-Old Chicks and the Feathering Score 

One of the problems considered during the course of this investiga¬ 
tion was to determine the relationship between the growth rate of 
the primary wing feathers and the feathering condition of the bird at 
8 weeks. The primary wing feathers are the first definitive feathers 
to appear on the chick of the domestic fowl. As a rule, these feathers 
are present when the chick hatches. 

All the Rhode Island Red chicks that were hatched during the 
season of 1934 were examined on the day of hatching to determine 
the relative length of the wing primaries. This stock did not carry 
the sex-linked early-feathering factor. These chicks were classified 
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into two arbitrary groups according to the length of their priinary 
feathers. Those which had long primaries (approximately one-half 
inch) comprised one group ana those which had short primaries 
(approximately one-third inch) comprised the other. At 8 weeks of 
age, the degree of feather growth was determined according to the 
scoring scale previously described. 

From the results secured, the length of primary wing feathers at 
hatching does not seem to bear anv relation to the 8-vreek feathering 
condition. The 8-week mean feathering scores of 210 males and 220 
females which had, as baby chicks, long primaries, were 23.8 and 
27.6 points, respectively. On the other hand, the mean scores of 
95 males and 77 females designated as having short primaries when 
they were 1-day old were 22.2 and 27.0 points, respectively. The 
lack of difference between these two groups of birds may be ascribed 
to the influence of the time elapsing since hatching. The chicks 
that emerged from the shell first are most likely the ones which were 
classed as having longer primaries, while those that hatched late are 
probably the ones which had short primaries and, therefore, were 
designated as such. At any rate, the results indicate that this measure 
of variability is not to be relied upon for the purpose of prediction. 

Number op Primary Wing Feathers in Day-Old Chicks and the Feathering 

Score 

The number of primary wing feathers present in day-oW chicks was 
studied in relation to 7-week feathering score. As previously stated, 
the wing primaries are the first definite feathers to appear on the 
chick. Tne number of these feathers present at the time of hatching 
is subject to considerable variation, even among birds of the same 
strain. 

The observations upon which this study was based were made on 
a grouj) of Rhode Island Red chicks hatched from an unselected 
population known to carry the sex-linked late-feathering factor. 
At the time of hatching, the chicks were examined and the number 
of primaiy wing feathers present was recorded. These chicks were 
reexamined at the age of 7 weeks to determine the degree of develop¬ 
ment attained by their feathers. The data secured from observations 
made on 731 birds, including 271 males and 460 females, were tested 
for the degree of association between the number of primary wing 
feathers present at the time of hatching and the 7-weGk feathering 
score. The coefficient of correlation secured was 0.2038 rb 0.039 in 
the males, and 0.2774 ±0.029 in the females. These correlation 
values indicate that the two variables considered are significantly 
associated with each other. As a practical basis of prediction, how¬ 
ever, the value of correlation is low. 

Length op Wing Feathers op 13-Day-Old Chicks and the Feathering Score 

Another point of interest is the relationship between the length of 
wing feathers at 13 days of age and the 8-week feathering score. In 
this experiment, the birds were examined on the thirteenth day of 
age and the length of the wing feathers was noted in comparison 
with the length of the body. The length of the wing featners at 
tins stage of development varied considerably. Some birds had 
wiip|^ the tip of whiem when folded reached approximately half 
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lengtli of their bodies, while hi oilier liirds tlies(* feathers were as 
lonp as sevcii-eif^hts of tlK'. b()<iy. 

The birds were elassilied into four groups, according to the relative 
length of their wings. These groups were designated as K, Vz, %, and 
in comparison of the wing with body length. At the termination 
of the experimental period of 8 weeks, and after the birds had been 
graded according to the scoring scale previously mentioned, they 
were classified into these four different groups based on wing lengtk 
and the mean 8-wcek feathering score of each of the four groups 
was determined. The results of the classification of males and 
297 females are summarized in table 2. 

Table 2 .—delation of length of primaries in IS-^day-ohl chicks to the degree of 
feathering at S weeks of age 

I Menu s weelv ft*.Hht*rinr M'ore for birds haviajj 
I ludu'uted length of vMnp al 13 days 


! H body j bod> j ?4’bod> J-h bnd> 
I lenpih I lomdli j lenjiih leujiih 


KoniaU*^ , . .. . . J 20 as 27 (Wi | 2S 27 2» W) 

M lies.. . 1 22 13 2a oa I 2t) s.' . 


The data in this table show that the longer the uing in relation 
to length of body at 13 days of age, the better the feathering at 8 
weeks, and vice versa. This fact might be utilized as an index for 
evaluating the future feathering of the bird. 

In connection with this stiidy, the coefficient of correlation between 
3-W'eek and 8-week feathering was.also determined on 254 males 
and 272 females. The correlation values were 0.5896 ±0.0276 and 
0.5840 ±0.0269 in the males and females, respectively. These values 
indicate a rather high degree of association between the feathering 
condition of the two ages considered. 

NUTRITIONAL STUDIES 

No exhaustive nutritional studies were planned; only those dietary 
factors were investigated that seemed to bear directly on the problem. 
Tlie nutritional tests were made with Rhode Island Reds, previously 
unselected for feathering condition. The type of feathering found in 
those birds is very similar to that commonly present in most of the 
larger breeds of fowd. This stock was known to be homozygous for 
the sex-linked late-feathering factor. Numerous studies (/5, 17, 

24 ) have been made of the vitamin A requirements of the chick, but 
little attention has been given to the influence of the level of this 
vitamin on ctiick feathering. Three lots of birds, each consisting of 
49 Rhode Island Red clucks, were used in this experiment. The 
clucks in this and other nutrition experiments were kept in battery 
brooders. To each of the tliree lots the following basal ration was 
fed: 37 pounds ground white corn, 16 pounds wheat shorts, 16 pounds 
wheat bran, 16 pounds ground oats, 15 pounds meat meal, and 1 
pound salt. 

In addition to this ration, vitamin A was supplied in the form of a 
commercial concentrate which, according to the manufacturer, con- 
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tained VA million International units of vitamin A per pound. The 
number of units of vitamin A fed to each of the three lots was 1,160, 
3,311, and 5,291 per pound of feed. To avoid the loss of vitamin A 
potency only enough mash was mixed at a time to cariy a lot of 
chicks for a week. It may be noted that the use of subminimal quan¬ 
tities of vitamin A would have been inadvisable in an experiment of 
this nature, since the retardation of body growth might affect the 
growth of feathers. 

Vitamin D was also supplied the chicks in the form of concentrate. 

The results of this experiment (table 3) seem to indicate that vita¬ 
min A in the quantities here used is not an important factor in feather 
growth. The analysis of variance {18) showed that variations in 
feathering due to the different levels of vitamin A used were too low 
in the female to be of significance. In the males, however, the varia¬ 
tions closely approached the point of significance. The ratio of the 
variance between the means of the three vitamin levels to that of the 
experimental error, commonly designated as is 2:10, while the ex¬ 
pectation of random sampling on the basis of 5 times in 100 trials is 
2:14. Therefore, vitamin A in the quantities fed in this study was of 
questionable value in promoting feather growth. 


Tabt^e 3. —The average 7-week feathering grade and body weight of S lots of chicks fed 
different quantities of vitamin A 
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Grains and their bj^products makqup the major part of the poultry 
ration. It is therefore desirable to know the extent to which the 
various grains affect the growth of feathers at the bx'oiler stage of 
development. 

Branion (1) investigated the role of corn, wheat, oat groats, and 
barley in poultry nutrition and found that chicks raised on a high 
intake of corn did not grow feathers over the back and their feather 
development was generally retarded. In a study to determine the 
comparative value of ground oats and wheat products in chick feed¬ 
ing, Wilcke {28) reported that the clucks raised on a ration consisting 
of 72 percent of ground oats had normal growth and excellent feather¬ 
ing. He also reported that the chicks raised on a ration consisting of 
72 percent of ground yellow corn made poor growth and their feather¬ 
ing was of poor quality. 

Three of the most widely used grains in poultry feeding, namely, 
corn, wheat, and oats, were chosen for this test. Four groups of 
birds, each consisting of 56 Rhode Island Red chicks, were used. One 
group each was fed exclusively on either com, wheat, or oats. The 
fourth group was given a combination of the three grains. A basal 
mixture consisting mainly of concentrates was fed to all chicks in 
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addition to these grains. This mixture consisted of 7 parts meat 
scrap (high grade), 8 parts dried buttermilk, 5 parts alfalfa leaf meal, 
1 part salt, and 1 part cod-liver oil. 

Equal quantities of the basal mixture were used in making up the 
mash fed to the four lots of chicks. Likewise, the total crude protein 
in each of the four rations was kept equal and uniform throughout the 
test. The composition of the four rations used in this study is given 
in table 4 and a summary of the results secured is given in table 5. 

Tablk 4 - Composition and the total crude-protein content of rations used for com¬ 
parison of influence of various cereal grains on feathering 


Kutioihs used for- 


Intfre<iient 
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Table o.- Effects of various grain rations shown in table 4 on feathering and growth 
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Table 5 shows that the males of lot 8, raised on the oat ration, 
made the highest feathering score and gained the most in body weight. 
The females of the same lot did not show any improvement in their 
feathering over those of the other lots, but they showed a better gain 
in body weight than was made by lots 1 and 2. Lot 4, for which a 
mixture of the three grains was used, made the most rapid gain in 
body weight. 

Lot 3 had the highest mortality, 23 percent at 7 weeks of age. 
Mortality in lots 1, 2, and 4, was 1.8, 16.0, and 17.8 percent, re¬ 
spectively. Some perosis occurred among the chicks which were on a 
corn ration. 

The data were subjected to analysis of variance, and the variatioiivS 
in feathering due to differences in the composition of ration were not 
large enougn to have statistical significance. The ratio of the vari¬ 
ance between the means of the 4 rations to that of the experimental 
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orror is 1.84, while the expectation of raiuloiu sampling on the basis of 
five times in 100 trials is 2.7. 

In the nutritional studies, the elTccts of vitamin G (B 2 ) and protein 
level of the ration on the growth and development of feathers were 
also tested. In this test, foiu* rations in which the percentage of 
protein varied froin 11 to 25 were used. Widely different ranges of 
vitamin G were maintained in these rations. Although as a result of 
disease, the number of birds utilized in this test was not sufficiently 
large to permit any definite statement regarding the role of either 
protein or vitamin G in the growth of feathers, the results seemed to 
indicate that both of these nutrients are of some importance in this 
respect. The variations in feathering due to feeding different levels 
of protein were more significant than those ascribed to the vitamin G 
content of the ration. 

Two other studies of nutritional interest were also made for the 
purpose of testing the effects of magnesium carbonate and cystine on 
the growth of feathers. In neither of the two tests was the number 
of birds large enough to w^arrant a definite conclusion. However, the 
results seemed to indicate that feeding a standard poultry ration 
supplemented with 3 percent of magnesium carbonate or 0.5 and 1 
percent of cystine in no way influenced feather growth. 

ENDROCHINOLOGICAL STUDIES 

Activity of the Thyroid Gland in Relation to Feathering 

Various studies {4, 12) have been attempted to discover the role of 
the thyroid of the fowl in relation to body size, egg production, sexual 
activity, plmnage structure, and pigmentation of feathei's, as well as 
to many other phyjdological phenomena. Schwarz observed 

that in thyroidectoinized birds, feather growth was inhibited. He 
concluded that the increase in thyroid activity accelerates feathering. 
Hardesty (7), who studied the effect of thyroxine injections upon the 
feathers of guinea fowl, has stated that thyroxine, even in small doses, 
abruptly stimulates the germ lying quiescent in the follicle. She also 
noted that without exception feathers treated with thyroxine reach 
maturity at an earlier age than do controls from the same follicles. 
Chaudhuri [2) found that the iodine content of the thvroid of sexually 
immature males is low^er than that of the thyroid of mature males. He, 
however, found no indication of sexual dimorphism with respect to tiie 
iodine content of this gland. Cruickshank (S) corroborated the find¬ 
ings of Chaudhuri regarding the increase in iodine content in the 
thyroid of the male with the advance in age. In his biochemical 
studies on the epidermal structures of mammals and birds, Kosjakoff 
(11) reported that generally more iodine is found in the feathers and 
hairs 01 the female than in those of the male. 

Two groups, an experimental and a control, each consisting of 20 
late-feathering Rhode Island Red chicks were used in tliis investigation. 
Since it was desirable to have the two groups of chicks as nearly 
identical as possible, they were selected as pairs, each pair chosen to 
match as perfectly as possible in body size and de^ec of feather growth 
on the various tracts. At the age of 3 weeks a condition of hyper¬ 
thyroidism was artifically induced in the cliicks of the experimental 
group by injecting into the pectoral muscles of each chick O.S mg of 
crjrfetlijlline thyroxine dissolved in 0.5 cc of distilled water. The 
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cxfierimeutal and control clucks were kept together in an electric 
battery brooder, insuring similar environmental conditions. 

Preliminary results showed that there was no ilifferencc with respect 
to feather growth among the birds repeatedly injected with thyroxine 
and those that received a single injection. 

The results of this study are summarized in table 6. The experi¬ 
mental grou]) made a higher mean feathering score than the controls. 
In only one case, male No. 2806, did the administration of thyroxine 
fail to induce improvement in the feathering over that found in the 
other member of the pair. The mean feathering score of the birds 
injected with thyroxine was 14.8 points for the males and 25.2 points 
for the females. On tlie other hand, the birds which received no 
thyroxine scored 10.0 and 20.0 pohits for the males and the females, 
respectively. With respect to body weight birds of the same sex in 
the experimental and control groups were very similar. It thus 
appears that the increased thyroid activity of the bird leads to a 
stimulation in the rate of its feather growth. 

It is to be concluded from this study that the administration of 
thyroxine into llhodc Island Ked chicks at the age of 3 weeks caused 
the feathering of both male and female chicks to be accelerated. 

Table 6 . —Influence of thyroxine injection on feather growth 


32jci.>erinien(al croup 


Control croup 


) 

Sex niul chick No 

3-w wk 
weight 

Orama 

100 

i 170 

! 10(1 

1 190 

170 
190 
180 
160 
180 
100 

i 130 1 

i 160 1 

i T-week 

1 weiijht ! 

Grams 
410 
.MO 
'MC 
680 
470 i 
560 
480 
440 
600 
450 
420 
560 

1 

Feather¬ 
ing swre 

14.5 

12.5 
3.0 

24.5 
19.0 

17.5 
17.0 
10 0 

16.5 
14 0 
17 0 
13,0 

Sex and chick No 

ISIale 

2868 . 

3-week 

weight 

7-week 

weight 

Feather¬ 
ing score 

Male; 

2797 . 

Grams 

160 

180 

100 

190 

170 

i 190 

1 190 

! 160 

[ 180 

90 
130 
160 

Gram'S 

580 

500 

3.50 

520 

540 

I 620 

600 
560 
450 
340 
440 
300 

11.0 
12.0 
9.0 
12 U 
11.5 
17.0 
i 9,0 

8.5 
13.0 

6.5 

7.6 
3.0 

2804 . 

28(Vi. 

2811. , - . 

2820. 

278<). 

283.3. 

28.52 . 

28(>l‘ . 

2838.- 

2841 . 

2H4ff . 

28M.. 

28«fi.' 

2807. 

2871. 

Mean. 

2874. .. 

2828 .. 

2863 .. 

2861 . .. 

2876... 

2826. 

2878.1 

Mean.! 

185.6 

14.8 


4S1.6 ! 

10.0 



Female* 




Female: 




2788.. 

180 

5,60 ! 

24.5 

2791. 

ISO 

530 

18.5 

2793 - . 

180 

420 

20.0 

2792 . 

IIK) 

580 

18.0 

2799. 

170 

370 

28.0 

2882. .. ... 

160 

520 

23.5 

2810. 

180 

000 

25.5 

2884.. 

190 

460 

21,0 

2812. 

100 

440 

23.0 

2842 . 

170 

340 

15.0 

2832. 

220 

600 

27.0 

2897. 

210 

640 

24.5 

2850. 

200 

610 

27.0 

2886. 

190 

620 

17.5 

29««.; 

210 

620 

26.6 

2873. 

210 

660 

22. 5 

Mean„,_! 


500.0 

25.2 

Mean_ ... 


518.8 

20.0 










EFFECT OP IODINE ON GROWTH OF FEATHERS 

The effect of iodine on the growth of feathers was tested by feeding 
21 birds, of which 14 were males and 7 were females, a standard ration 
to which potassium iodide was added at the rate of 1.5 g per 100 pounds 
of feed. The mean feathering score of the males at the age of 7 weeks 
was 13.6, while that of the females was 21.6. In another group of 
birds which were kept as controls 9 males had a mean feathering 
score of 10.4 while 9 females had a mean score of 18.9. Although 
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the number of birds employed was not large enough to warrant 
definite conclusions with respect to the role of iodine in the growth of 
feathers, the results indicated that iodine has some stimulating effect 
on feather growth. However, this effect was more markedly expressed 
in the male than in the female. 

KFPECT OF ENVIRONMENT ON GROWTH AND DEVELOPMENT OF FEATHERS 

Humidity 

It is a common belief among poultry producers that high humidity 
in the brooding room is conducive to better feathering. Although 
liigh humidity is recommended as one of the requirements for success¬ 
ful brooding, no experimental evidence in support of this view has 
been found. An experiment was accordingly undertaken to ascertain 
the extent to which humidity is a factor in broiler feathering. 

One lot of 60 Rhode Island Red chicks was raised in a relatively dry 
basement room while another comparable group was housed in a 
humid one. All chicks were kept in a frame structure made of wire 
and elevated about 3 feet from the floor to permit free circulation of 
air. In the dry room, no liquid material other than vrater was present 
and droppings were removed daily to restrict evaporation. The floor 
and walls of the humid room were thoroughly moistened several times 
during the day and evening. A fine mist spray operating continuously 
in the room saturated with water a large piece of burlap hanging from 
the ceiling. Temperature and humidity in both rooms and outdoors 
were recorded each morning and afternoon. A sling psychrometer 
was used for taking humidity readings. Efforts were made to maintain 
the same temperature in the two rooms. The mean morning and after¬ 
noon temperatures of the humid room for the duration of the experi¬ 
ment were 79.4‘^d:0.fi6® and 83.3°±0.40® F., while those of the dry 
room were 81.5°±0.40® and 84.4° ±0.39°. 

The mean relative humiditv in the humid room for the duration of 
the experiment was found to oe 72,2 percent in the morning and 69 in 
the afternoon, as compared with 51.8 and 50.7 in the dry room. The 
outside atmosphere was more humid than that of the dry room, but 
considerably less so than that of th^ wet room. 

All chicks were fed a growing ration containing about 18 percent of 
protein, and except for humidity were treated alike. At the close of 
the seventh week the birds were weighed and graded for feathering. 

The results of this experiment (table 7) indicate that higher humid¬ 
ity favors feather growth but that it has no effect on body weight. 


Table 7. —Influence of humidity on feathering 


Humidity 


IlifiTh 

I./OW, 



Mean relative 

Mean tetiiiiera-' I 



Mean 


humidity 

lure 1 

Birds 

Sex 

feath- 

erinfi' 


A.M. 

P. M. 

A.M. 

P.M 



score 


Percent 
72,2 j 

Percent 

09. ] 

O p 

79,4 

« r. 

83.3 

No. 
r 31 

Male.... 



1 22 

Female. 


f>J.8 

50 7 

81.5 

84.4 

r 32 

Mate . -. 


\ 20 

Femate. 

_ 

_ 



_ ,, 




Mean 



Orams 

490.0 

453.1 


464.6 

469.5 


The analysis of variance shows that the ratio of the variance between 
the ^ans of the two groups of birds to that of the experimental error, 
commoply referred to as F, is 6,02, while the expectation of random 
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sampling from a homogenous population is only 3.94, thus indicating 
that the difference in feathering is statistically significant. 

TEMPERATURE 

Although no critical experiments on the subject could be found, one 
frequently finds the statement that too high brooding temperatures 
tend to retard feather growth. Kleiber and Dougherty {!()) have con¬ 
ducted an extensive investigation on the effect of environmental tem¬ 
perature on the utilization of food energy in the White Leghorn chick. 
They reported that the daily rate of growth was increased when the 
environmental temperature was decreased. Likewise, the chicks 
raised at 21° C. were found to have a much higher basal metabolism 
than those raised at 40°. In another study made by Landauer {IS) 
on the relation of thyroid gland activity to environmental temperature 
in the Frizzle fowl, it is reported that a change in the environmental 
temperature resulted in a corresponding change in the activity of the 
thyroid gland, wdiich consequently led to similar changes in the meta¬ 
bolic rate of the bird. 

Two groups of 90 Rhode Island Red chicks wore kept in adjacent 
basement rooms of equal size. The chicks in the high-temperature 
room were supplied heat from an electric liover placed on the floor, 
and in addilion the entire room was heated by a gas stove to a tem- 
f)erature averaging 85° F. throughout the period of the experiment. 
The chicks in the low’-temperature room w^erc provided an electric 
liover but no supplementary heat. Thus the room was kept fairly 
<*ool (08°) except under the hover, w’hich remained just w arm enough 
to supply the chicks with the necessary heat. In the low’- temperature 
room the t empera tun* under the hover w as gradually reduced and 
during the last half of the experiment the cun’ont was slmt off. In 
this room tlie mash hoppers and the water fountains provided were 
placed at u distance from the hover in order to induce the chicks to 
spend as much time as possible away from the lieat of the hover. 
Temperatures were recorded twice daily 6 inches from the floor both 
under and outside the hovers. 

The two lots were fed the regular Kansas State College growing 
mash and a record of the amount of feed consumed by each lot was 
kept. At the close of the seventh week, individual weights were 
taken and the degree of feathering was evaluated. 

The results of tiiis experiment (table 8) indicate that low tempera¬ 
ture has a .stimulating influence on feather grow th. The influence of 
the environmental temperature was more evident in the females, the 
improvement in feathering of females being 28.5 percent and that of 
males 19 percent. 

The analysis of variance shows that the variation in feathering due 
to differences in environmental temperature is highly significant. 
The ratio of the variance between the means of the two groups to that 
of the experimental error is 47.3, while the expectation of random 
sampling on the basis of once in 100 trials is only 6.81. It is to be 
noted that feathering here was much better in both groups than in 
other experiments. This might have been due to the fact that the 
birds used in this study were given access to the entire floor of the 
room, whereas in the other experiments the chicks were raised in 
battery brooders. 
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Table 8. —Influence of brooding temperature on feather and body growth 


Temperature 

Mean teuir»erature 

Birds 

Sex 

Mash 
(‘Onsunied 
per chick 

Moan 

feathering 

score 

Mean 

Iwdy 

weight 

Jlover 

Hooni 

HiRh. 

88. t) 

85 0 

Number 
f 44 

i 42 

Male. .. 

Female. .. 

Pounds 
} 2.74 

/ 12 1 

1 15.4 

r 14 4 

1 111, 8 

Grams 
.571. f> 

m). 0 


Low_ , 

81 U 

fiH 3 

f Hti 

1 41 

Male. 

Female.. .. 

] 3. ()1 

5f)3. 3 
5-11.2 




Mortality was somewhat higher among the chicks raised in tlie 
cold room than amoM those in the warm room, being 14 and 4 per¬ 
cent, respectively. Tlie increased mortality among chicks raised in 
the cold room may have been due to the rather cool environment in 
which they were compelled to live. The chicks in the cold room 
consumed more feed than did those in the warm room. This observa¬ 
tion confirms the findings of Kleiber and Dougherty {10), The 
chicks in the cold room were more active than those in the warm 
room. In a number of instances the birds in the cold room actively 
engaged in a search for food, while those in the wami room squattetl 
lazily on the floor. Thus increased exorcise may have been responsible 
for increased food consumption and a resulting acceleration of metab¬ 
olism. 

CONCLUSIONS 

Vitamins A and G have been found to be of questionable value in 
promoting the growth of feathers. Oat feeding produced feathering 
of questionable superiority as compared to com and wheat. 

Low brooding temperature and high humidity were shown to be of 
importance in bringfing about better feathering. Landauer {IS) has 
found that a condition of hyperthyroidism prevails in chicks kept at 
a low temperature, and since an induced hyperthyroidism results in 
better feathering as found in the experiment on thyroxine, it appears 
that the improved feathering in the chicks raised at a low temperature 
bears a relation to the functioning of the thyroid gland in these birds. 
The feeding of iodine seemed to mefke some improvement in feathering. 

There is evidence in several experiments that the males are more 
responsive than the females to changes in diet, when measured by 
feather growth. There is probably no sexual dimorphism as to 
responsiveness, but this apparent difference is due to the fact that at 
the age of examination the males were at a more critical stage. The 
females were probably a little beyond this stage and the results were less 
evident. Body molt was not a factor of importance in feathering as con¬ 
sidered in these studies. 

GENETIC STUDIES 

The genetic phase of the work consisted of studies of the hereditary 
nature of feathering in its diverse types as these occur in the Rhode 
Island Red and White Leghorn breeds. 

Since the hereditalw behavior of early and late feathering, ordinarily 
present in the so-called light and heavy breeds of the domestic fowl, 
respectively, is well understood, particular attention was ^iven 
throughout this work to the nature of variations found in a strain of 
the Rhode Island Red breed, known to be homozygous for the domi- 
nani#ex-Unked late-feathering character. An attempt also was made 
to establish by selection in opposite directions, extreme types of 
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feathering in the Rhode Island Red. Various crosses have been made 
between the different typos of feathering found in the Rhode Island 
Red and White Leghorn to ascertain whether feathering in the two 
breeds has the same genetic basis. 

BllEEDlNG LINES 

Three strains of tlio Rhode Island Red breed, namely, the early- 
feathering, the poor-feathering, and the well-feathering, and two 
strains of the White Leghorn breed, early- and late-feathering, were 
used in this work. Tlie establishment of these strains was accom¬ 
plished through breeding and selection over a period of years. 

The White Ijoghom fowl is ordinarily classed as an early-feathering 
bird, in which feather growth is known to be controlled by a recessive, 
sex-linked gone {20), The so-called late-feathering White Leghorns, 
carrying the dominant allel of early-feathering, do not commonly 
exist in this breed. This strain was developed at the Kansas station 
by first outcrossing to Barred Plymouth Rocks and then repeatedly 
backcrossing the resulting offspring to White Leghorns. By such a 
procedure it was possible to establish a strain breeding true for nearly 
all of the Leghorn characteristics but possessing the sex-linked late 
feathering of heavy breeds. 

The Rhode Island Red breed is ordinarily homozygous for the sex- 
linked late-feathering. However, considerable variation occurs in 
the rate of feathering of Rhode Island Reds carrying the late-feather¬ 
ing factor, and these variations were the wsources of material for selec¬ 
tion in the well- and po<ir-feathered strains. There w^as considerable 
overlapping of extremes of these two strains, but as data presented 
later will indicate, significant differences were established by selection. 

The so-called early-feathering Rhode Island Reds were of a strain 
homozygous for the sex-linked early-feathering gene. Stich individ¬ 
uals occasionally are found in })ure-breeding stock of Rhode Island 
Reds and the mating of such individuals established this strain. The 
early-feathering Rhode Island Reds were much like ordinary ^Vhite 
l.#i*ghoins in the rate of feather growdh. In contrast to most other 
Rhode Island Reds, the chicks of both sexes are practically fully 
covered with feathers at 4 weeks of age. 

The well- and poor-feathered Rhode Island Reds and the late- 
feathered White Leghorns have the same genetic constitution in that 
each carries the sex-linked late-feathering gene. The early-feathered 
Rhode Island Reds carry the sex-linked recessive gene for early- 
feathering which is characteristic of ordinary White Leghorns. Any 
differences in feathering of these strains at tlie broiler stage gradually 
disappear and are entirely eliminated at sexual maturity. 

INFLUENCE OF SELECTION IN WELI^ AND POOR-FEATHEHED STRAINS OP RHODE 

ISLAND REDS 

During the course of tliis study, an attempt was made to produce 
extreme types of well- and poor-feathered Rhode Island Red birds. 
Tliis was done by selecting as breeders the best-feathered birds in the 
well-feathered strain and the slowest feathering ones among the poor- 
feathered strain. The progeny test was emphasized in the selection 
work. Not only was the individual feathering graded, but the family 
averages were also given consideration in the choice of -breeders in 
each generation. In order to maintain satisfactory^viability in the 
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stock, some attention was given to the vigor of birds mated and in 
some instances sacrifices were made in feathering grade to have 
vigorous birds in the matings. 

In 1933 and 1934, the data on feathering were secured when tlie 
binls were 8 weeks old. It was decided, however, that 7 weeks was a 
more critical age and the later data were based on records taken at 
that age. Therefore, a direct comparison between the results of selec¬ 
tion obtained in 1933 and 1934 and those obtained in 1935 and 1936 
is not possible. 

The results obtained in 1933 showed that selection was of slight 
effect in bringing about a marked difference in the two strains. During 
this year four matings were made, two of wliich w^ere well-feathered 
while the other two were poor-feathered. The mean feathering scores 
of the offspring secured from the w^ell-feathered matings were 12.8 
and 1L8 for the males and 20,5 and 17.4 for the females, as compared 
with 11.7 and 12.3 for the males and 17.4 and 16.6 for the females of 
the two poor-feathered matings. The slight difference between the 
mean scores of the two selected lines is probably duo to the fact that 
selection in 1933 was accomplished by choosing from mass populations 
birds showing either extremely good or poor feathering. For the 3 
years which followed, selection w^as carried out on the basis of both 
individual feathering score and progeny performance. The scores 
made in 1933 are not strictly comparable to those made in 1934, since 
the junior author did the scoring the first year. In the succeeding 
years all scoring was done by the senior author and every effort was 
made to keep the standards uniform. 

A summary of the results obtained in 1934, 1935, and 1936 is pre¬ 
sented in table 9. It will be noted that the score of feathering made 
at 8 weeks of ago is considerably higher than that at 7 weeks of age. 
In 1934, when feathering was evaluated at the age of 8 weeks, 2 well- 
feathered matings produced 342 birds and 3 poor-feathered matings 
produced 259 birds which had considerably lower mean scores. Al¬ 
though these values cannot be compared with those of 1935 and 1936 
because of the age factor previously mentioned, ncverthele.ss selection 
during 1934 must have accomplished something in segregating lines 
differing in their genetic make-up. The difference in score of the tw^o 
strains is statistically significant. 


Table 9. — Residts of selection vnthln the well- and poor ^feathered strains of Hhode 
Island Heds for a period of S years 

WELL-FE\TUKRET) STRAIN 


Year 


Males 

1 

1 

1 Koinalas 

Birds 

Mean 

feathering 

score 

Mean weight i 

Bir<i8 

Mean 
feathering 
.score 1 

Mean weight 


Numbn 


Oramn 

Numb^'T 


OratM 

19;u ‘. 

169 

25 4dr0 18 

,521. 7± 5 98 

373 

28 9^0.10 

475 ftdr 5, 15 

1935. 

77 

9 2db 25 

312. 5:4:16 61 

54 . 

16,0rfc .44 

.306.3-1:30.67 

1936. 

50 

9.0sl= 31 

337.8.18 

112 

14. 0:1: . 24 

325. 2± 4. 26 


POOK-FEATHKREO STRAIN 


1934 i. 

135 

20.6=b0.27 

509, 7d: 4.83 

124 

25. 4d;0.24 

4tl6 9d: 4.96 

1936. 

59 

5. Id: . 18 

m Q Jz 6.63 

36 

.40 

316.9db 7.65 

1936-,.,. 

58 

4.4db .21 

325.2d: 8.01 

75 

0.S± .25 

300.3d: 5. 84 


* 1ft 1^34 scoring was done at 8*weeks of age while in later years these records were taken at 7 weeks. 
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The results for the year 1936 show that selection to obtain better 
feathering in the well-feathered strain did not effect any improvement 
over 1935 in either sex, as judged by the mean feathering scores of the 
years concerned. In 1935 and 1936, three well-feathered matings 
were made each year. The individual mean feathering scores of the 
three matings made in 1935 were 8.7, 9.0, and 9.5 points for the males 
and 23.4, 14.3, and 16.1 points for the females, respectively, while the 
means for the three 1936 matings of this strain were 9.1, 9.0, and 8.8 
points for the males and 13.4, 14.5, and 14.2 points for the females, 
respectively. 

With respect to the influence of selection in the poor-feathered 
strain, the results presented in table 9 show that the mean feathering 
scores of both sexes were lower in 1936 than they were in 1935, indi¬ 
cating some effects of selection in the last year's matings. The in¬ 
dividual mean feathering scores for the three matings of 1935 were 
4.8, 6.1, and 4.9 points for the males and 8.0, 11.2, and 7.6 points for 
the females, respectively, while those of the four matings made in 
1936 were 4.8, 2.6, 3.6, and 6.5 points for the males and 5.4, 5.0, 7.6, 
and 9.4 points f<»r the females, respectively. In each generation of 
selection the differences in feathering score of the well- and poor- 
feathered strains are very definite and statistically significant, indi- 
catixig that selection had segregated two strains which differed genet¬ 
ically. Representative groups (1936 hatch) of the well-feathered 
and poor-feathered males at 7 weeks of age are shown in figure 4, -.1 
and li, respectively. Representative females from the well- and the 
poor-feathered strains at the same age are shown in figure 5, A and R. 

Selection as practiced in these studies necessitated a considerable 
amount of inbreeding in each of the strains. Despite the fact that 
mating of closely related individuals was avoided, there appeared 
during the breeding season of 1935 <lefinite signs of reduced viability 
among tlie progeny of the selected lines. Tliere was no significant 
decline in size of the birds in the selection strains in 1936 over 1935 
and it seems that inbrecnling was not responsible for the lowered 
feathering score in the poor-feathered strain. 

It is to be concluded that selection for a period of 4 years was effec¬ 
tive in segregating strains which differed in their genetic constjjtution 
for rate of feathering and that most of the results were accomplished 
in the first 2 or 3 years of selection. 

MATINGS OF THB: WELL- AND POOR-FEATHERED STRAINS 
Fi Generation Results 

During the 1935 breeding season, reciprocal crosses involving well- 
and poor-feathered Rhode Island Red strains were made. Each male 
used was mated to females of his own strain as well as to those from 
the other strain. This tended to eliminate effects of the individuality 
of the birds used as parents, making birds of the selection strains for 
1935 half brothers and sistei-s to the hybrids. 

A summaiy of the results obtained from reciprocal crosses between 
birds of the well- and poor-feathered strains, as well as the selection 
results for the same year, are given in table 10. In both sexes the mean 
feathering scores obtained from the reciprocal crosses were virtually 

38-5 




FrcuRB 4.—Sevon-^weelE'Old males from the fourth generation of seleetions of the welVfeatbered strain ( A ) 
and the poor*feathered strain ( B ). 
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identical, the two groups of hybrid males scoring 8.1 and 8.8 while the 
females scored 13.8 and 13.1. The distribution of male ftmthering 




Fjdt'HB 5.- Seven*week-old females from the fourth generation of aelectfhns of the well-feathered strain 
(-4) and the poor feathered strain (i?). 

scores made in the F, generation, together with those in the two paren¬ 
tal strains for the same year, arc shown in figure 6. 
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Table 10. — Effects upon feathering score and body weights of reciprocal matings 
between well- and late-feathered Rhode Island Reds^ 1935 




Males 



Females 

Mating 

Birds 

Mean feath¬ 
ering score i 

Mean body ! 
weight 

Birds 

Moan feath¬ 
ering score 

Mean body 
weight 

Poor-featherad male and well-feath¬ 
ered female_ __ 

Number 

43 

8.1±0.26 

Grams 

346.3d=9.31 

Number 

61 

13.8=fcC. 36 

Grams 
338.0db6.17 

VVell-feathered male and poor-feath¬ 
ered female. ... ... 

61 

8.8i: . 24 

371 0=fc 0 15 

53 

13 .43 

333 6=b 7.04 

Well-feathered strai n.. .. .. 

' 77 

9. 2±: . 26 

312. 5^16. fil 

54 

16.0di .44 

306.3ri-20. 67 

Poor-feathered strain... 

59 

5 Idb . 18 

330. Orb 6 63 

36 

8. 4db . 40 

316. 9:i: 7 65 



• FEATHER SCORE 

Ftguhk 6.—Distribution curves for mate feathering scores made in the well- and poor-feathered strains, 
together with that of the Fj generation. 

scores of the two sexes in the F, generation approximate very closely 
those of the well-feathered strain for the same year. The similarity 
in feathering score of the F, generation females from reciprocal croas^ 
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shows that no important sex-linked factors are involved. Evidence 
is also adduced from these results that the progeny of these crosses 
have benefited by hybridization {21), as indicated by their moan body 
weight in comparison with that of the lines of selection in the same 
year. The growth of feathers did not seem to have been affected in 
the same manner. The feathering score of the hybrids was similar 
but slightly less than tliat of the well-feathered strain for the same 
year. 

Backcrosses 

F, generation females were backcrossed to males of both parent 
stocks. For this work females w'^erc chosen the feathering score of 
which w^as near the mean of tlie Fj population. Approximately equal 
numbers of pullets from each C)f the reciprocal matings were placed 
in each pen. Again, in this generation the males used were mated 
with both Ft generation females and those from their own strain, mak¬ 
ing possible comparisons between related pure strain and backcross 
progeny, 

Tlie results of the two backcross matings are summarized in table 
11. The IBS birds produced by the matings headed by the well- 
feathered males laid feathering scores of 8.8 and 13.1 points for tlie 
males and females, respectively. These two scores approximate very 
closely the means secured in the F, population and also the mean of 
the well-feathered selection line of 1936. The mean feathering scores 
of the progeny from the backcross to the poor-feathered yiarent were 
5.7 and 8.7 points for the males and females, respectively. These 
scores are intermediate between the s(‘ores of the well-feathered and 
those of the poor-feathered strains, wdiich again fits the theory of the 
dominant behavior of well feathering. Distribution curves of male 
feathering scores in the backerosses to the parental stocks are shown 
in figure 7. 

Table — Effects upon Jeathenng score and body weights of backcross matings of 
Fi generation females to the two parent stocks 


stales 


Femnles 


Mating 

Birds 

i Mean j 
feathering : 
score 

1 

Mean l)od> | 
weight 

Birds 

Mean 
feathering 
vcore 1 

Mean body 
j eight 

Well-feathered male anti Fi feinalejt- 
Poor-feathered male and Fi females. 

Well-feathered strain. 

Poor-feathered strain. 

NnmlHi 

4.5 

12.3 

m 

58 

8 8d:0.27 
.5 7± . 15 
9,0=fc .31 

1 4=h .21 

Grow? 

.340 7±4.78 
3.5,5. 6db5. 60 
3.37.OdrS IS 
325 2d:8 01 

S' umber 
124 
150 ; 
112 
75 

1.3 HrO 2,5 

5 7d: . 18 1 
H.Od: .24 1 

6 Sdtr . 25 

iirams 

327 6d:4.76 
324.4±4 28 
32,5 2=b4 26 
300.3rb5.H4 


The results obtained from these backcross matings seem to offer 
additional support to the view that the condition of being well- 
feathered is incompletely dominant to poor feathering. This is in 
agreement with the findings of Jaap and Morris (9). In dealing with 
a quantitative character of tliis tvpe, it is difficult to determine 
exactly how many factors are invofved, but the genetic behavior of 
the character is such as to suggest the action of relatively few’^ major 
factors and that these are autosomal in location. The early estab¬ 
lishment by selection of the differences secured would support the 
view of only a few factors being involved. 
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RHODE ISLAND RED—WHITE LEGHORN CROSSES 

Reciprocal crosses between poor-feathering Rhode Lsland reds and 
late-feathering White Leghorns were made to determine the extent 
to wdiich poor featuring, as it exists in the Rhode Island Reds, differed 
from late feathering as it is carried by the Leghorns. As stated 



Fioubb 7.—Distribution curves for the male leatheniiK scores in backcrosscs to tiie parental stocks 


previously, the late-feathered Leghorn birds used were the result of 
selections from a cross of nonnal-feathered Leghorns and BaiTed 
Plymouth Rocks. The ultimate results of these selections were 
birds verr similar to normal Leghorns except that they carried the 
sex-linked dominant gene for late feathering from the Barred Plymouth 
Hocks. A total of 129 birds w^as produced from the mating of the 
poii^featliered Rhode Island Red cock with late-feathering Leghorn 
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females. Of these offspring 79 were male and 50 female. The 
mean feathering score of the males was 8.6 points, wliile that of the 
females was 14.1. The reciprocal mating headed by the late-feathered 
Leghorn male produced 127 birds having a mean feathering score of 
8.7 for males and 14.5 for females. The offspring of the reciprocal 
crosses had almost identical mean feathering scores, and these scores 
were very similar to those of the well-feathered Rhode Island Red and 
the Fi generation of the cross of j)oor- by well-feathered Rhode Is¬ 
land Re(ls. Thus in crosses the slow-feathering Leghorn strain behaves 
genetically very similarly to the w^ell-feathered Rhode Island Red 
strain. An examination of table 1 reveals the fact that these two 
strains differ somewhat in the time of feathering, the slow-feathering 
Leghorns growing feathers somewhat earlier. Tliese differences 
would suggest that the slow-feathering Leghorns and well-feathered 
Rhode Island Reds differ genetically to a degree, but these differences 
are not expressed when the two strains are crossed to the i)oor- 
feathered Rhode Island Red strain. 

It shoxild be kept in mind that the variations considered in the 
genetic studies, were those occurring in the strains of Rhode Island 
Reds known to be homozygous for the dominant sex-linked late- 
feathering factor. Most strains of Rhode Island Reds carry the late- 
feathering factor as contrasted with the early-feathering found in 
Leghorns. 

CONCLUSIONS 

Well-feathering is incompletely dominant to poor-feathering and is 
conditioned bv autosomal factors. In the case of the sex-linked 
pairs of genes influencing feathering, better feathering is the recessive. 
Althougli phVvsiological relationship between these types of feathering 
seems evitlent, their hereditary behavior appears to be <juite dissimilar. 

DISCUSSION 

It appears that the genetic method may offer a simpler approach 
\o the problem of broiler feathering than the physiological one. 
Nutritional or other ]ihysiological methods offer some possibility 
of improvement of feathering, but they are not alwavs practical or 
economical. Selection in ordinary late-feathering strains will accom- 
f)lish rather promptly some improvement in feathering at the broiler 
stage. The results indicate, however, that a comlition of feathering, 
such as is found in the sex-linked, early-feathering strain, cannot 
readily be attained by selection of the genetically late-feathering 
stock. Sex-linked, early feathering, commonly ]>resent in the breeds 
of the Mediterranean class, and occasionally found in itulividuals 
of the large breeds, probably offers tlie most practical solution of the 
problem. The detection and propagation of the sex-linked early 
feathering gene in breeds utilized for broiler production is probably 
the simplest solution for the problem of broiler feathering. 

SUMMARY 

Vitamin A and the choice of grains used in the ration w ere of ques¬ 
tionable significance in broiler foathering. 

Thyroxine injections definitely stimulated feather development. 



704 


Journal oj Agricultural Research 


Vol. 6fi. No. 9 


Brooding chicks under either high humidity or low temperature 
improved the feathering. 

Molt was not a factor influencing the results of the experiments 
reported. 

Selection carried out for a period of 4 years was effective in establish¬ 
ing strains differing genetically in degree of feathering at 7 weeks of 
age. Most of the established differences were accomplished in the 
first 2 years of selection. 

Better feathering as established by selection was incompletely 
dominant to poorer feathering. Tlie number of genes involved was 
not determined but the results would indicate that they are relatively 
few. 

The genetic diflerences established by selection for degree of broiler 
feathering were probably due to modifying factors acting upon the 
sex-linked dominant late-feathering factor. 
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SORGHUM CHARACTERS GROUPED BY MULTIPLE 
CORRELATIONS 1 

By J. C. Ireland 

Plant breeder^ (Oklahoma Agricultural Experiment Station 

INTRODUCTION 

Tlie heritable eliaraetors of grain sorghums {Sorghum rulgare Pers.), 
whieh have been suggested as sources of linkage groups, were used for 
determining their practical value as a means of indicating yields. 
The approach has been from a multiple correlation basis. Thirteen 
such characters have been correlated with yield at various times 
during eight seasons. Ayyangar and others ^ who conducted a 
similar investigation over a much shorter period, have drawn the 
following conclusion: ^*The total grain yield of a idant can be predicted 
very closely, when the diameter of the peduncle, length and thickness 
of the ear head, and the weight of 100 grains are all known.” 

MATERIAL AND METHODS 

A white-seeded grain sorghum, Blackhull, was crossed with an 
amber-seeded sorgo (sweet sorghum), Ja])onica, and the hybrid was 
used throughout the investigation. Blackhull is about two-thirds as 
high as Japonica; it is nonsaccharine, while daponicu is sweet; its 
lieads are compact, while those of Japonica are loosely branched; and 
its leaf surface is much smaller than that of Japonica. liead-to-row 
plantings were inade each year, juid 10 plants were measured from each 
of 20 rows. Heads representing a medium between the contrasting 
characters were selected each year from the rows, tlnis maintaining a 
tyj)e similar to the Kj of the original cross. 

The IJ charachus measured are listed below, together with the 
method of determijung taich. Nine independent variables were use<l 
each year to check against the yield of gram as the dependent variable. 
ThoM' found to be of low' scoring value w ere droppetl and reidaced by 
more promising ones. 

(I) Lengths of seed branche.*^—measured in tenths of an inch by means of a 
ealiper. 

r2) Length of plants™-measured by a surveyor’s rod in feet and tentlis of a 
foot. 

(3) Length of heads—measured upon the same rod in tenths of a foot. 

(4) Circumference of heads—determined l:)y calipering the greatest diameter. 

(o') Length of tip branches—determined by a caliper in tenths of an inch. 

(0) C'irciimferenee of stalks—cstimiated from the calipered diameter. 

(7) Number of nodes in heads—counted only on plants that developed definite 
heads. 

(8) Number of side branches—counted only on plants that dev<‘loped definite 
heads. 

(9) Length of the last internodes—measured in feet and tenths of a foot on the 
surveyor’s rod as head and length of plant were determined. 

(10) N umlK*r of leaves- -counted. 

(II) Leaf area—determined by means of a planirncter.* 

> Keceived for publication Noveml>er 20,1937; Issued May 193S. 
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(12) Chlorophyll—determined by a photoelectric colorimeter reading of an 
alcoholic extract of ground leaf material. These readings are indicated in foot- 
candles of light passing through a measured amount of solution. 

(13) Sugar content—measured in a few drops of freshly expressed juice by a 
Zeiss hand sugar ref rac tome ter. The value for sugar content is expressed as a 
wreentage of the total solids present in the juice. Collections were made each 
Monday at 9 a. m., and the juice was expressed into the refractometer at once to 
prevent any decomposition of the sugar. This process was started as soon as the 
stalks began to show nodes and was continued until the end of the growing season. 
The percentages are averages of the entire series. 

Nine variables were measured for each plant, 10 plants being: used 
from each head-to-row planting. In the case of sugar and chlorophj^ll 
determinations, samples were taken each week during the entire 
growing season and the average w as used in the correlations. 

The tabulations were made according to the plan of Wallace and 
Snedecor without classifying into groups. The steps were follow ed 
as suggested in their formulae for determining multiple correlation 
coefficients. Solutions of the beta values are expressed in a multiple 
correlation coefficient, with a standard error of estimate, for the years 
1929-3r), as show n in table 1. 


Table 1. — Coefficients of multiple correlation and standard errors of 
estimatef lOdO-Sfi 


1936 


5h.7 
’M) 9 


IttilTl 


Cocflicients.iwrcont 

Staniiard error of estinuite - 


i 1929 

t 

1930 

1931 

1932 j 1933 

1934 

1936 

i 74 2 

1 41 0 i 

i 0 

1 64 K I 

76 2 ! 
24 6 ' 

96 2 : H 3 

1 29 0 1 2 3 

4S 7 j 

39 6 
H 4 


EXPERIMENTAL DATA 

In the first 4 years the correlation percentages increased in a sig¬ 
nificant trend, wdiile the standard error of estimate decreased, hut 
durmg the last 4 years the results were irregular, with a notable 
decrease in 1933. Standard errors of estimate imply an unusual 
variation in the applicability of the data. In 1934, the error was 
very high as compared to the coefficient of that year, but it was not so 
divergent as that of 1930. Since it has been suggested that the 
moisture supply was responsible for these wide variations, the rainfall 
for the growing periods of the years involved is show^n in table 2. 


Table 2.-~Su7nmer rainfall at the Oklahoina Agricultural Experiment Station, 

1929~S6 


Year 

May 

June 

July 

August 

ber 

October 

Total 

Average 

1929.. 

Inched 

Inches 

Inches 

2.66 

.04 

3.56 

9 56 
6.81 
72 

Inches 

Inches 

Inches 

Inches 

Inches 

8.29 

2 . a 

.43 

2.66 

4.38 

20.53 

3.42 

19;}0.- * . - 

6 23 

2.36 

3.84 

.91 

2.02 

15.40 

2.57 

1931.. . 

, 2 02 

2.24 

3.67 

2.01 

99 

14.49 

2.41 

1932. 

2 28 

6.47 

5. 55 

.94 

3.71 

28.51 

4.75 

1933... 

1.73 

00 

4.99 

1.44 

4.15 

19.12 

3.18 

1934.. 

2 68 j 

2.07 

3.19 

8.95 

2.23 

19.84 

3 30 

1935„,. . .. 

3.59 : 

10.31 

.51 

37 

3 08 

2.26 

2.18 

21.93 

3.65 

1936. 

4.U 

L9J 

.00 

5 77 

2 31 

15.20 

2 53 


Rainfall during the early growing season of 1933 was very light, 
with a heavy July and August moisture supply. The result was an 
unusual secondary growth of side branches and small heads during 


- ^'Wallace, U. a., ami Snkdkcor, G. W,, correlation and machine calculation. Iowa State Col. 
30, 7i pp., l«u«. 1931. 
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the latter part of the season. Since Japonica has a tendency to 
branch more than Blackhull under moist conditions, there are some 
marked inconsistencies in yield. During 1935 and 1936, the secondary 
growtli occurred later and did not affect the yield as much as it hacl 
in 1933. The results in table 3, which shows the comparative scores 
for each year of the project, may contradict the above supposition. 
In 1933, the large-scoring factors were length of last node and leaf 
area, with a small value for number of side branches. Comparative 
scores are expressed in percentages of the <lependent variable. 


T.^ble 3.— Comparative scores^ showing effect upon yield of each factor 


Factor 

1929 1930 j 

1931 

1932 

1933 

1934 j 

1935 

1936 


\ Percent Percent \ 

Percent 

Percent 

Percent 

Percent I 

Percent \ 

Pejcent 

I icngt h of .seed l>ranche.'H. 1 

\ 41. <10 3 0 1 

13 99 

6 95 

\ 8 0 

10 35 I 

1.28 

: 7 57 

Length of plant . . - | 

i 1 93 16 9 1 

18 05 

7 47 

6 5 

13 42 ! 

8 23 

0 

i.pngth of heail ... 

11 93 13 3 1 

16 03 

S 79 

13 0 

(4 

I (4 

1 16 72 

Length of tip brunch- . -i 

' 1.40 15 7 

i 4 m 

(4 

(4 

f4 

(4 

1 (‘> 

<4rcumforcni* of hea<i ! 

i 24 44 2<> 4 

24.52 

39 09 

5 

16.88 

8 92 

1 4.94 

('ircumforcnce of si alk. - 

1 0 ; 0 

0 

(») 

(4 

(4 

(4 

(4 

Number of nod«.s in head . . 

2 87 1 7.0] 

1 1 05 

1 

(4 : 

0) 

(4 i 

1 (»• 

Number of side branche*' _ 

0 1 117; 

1 15 59 

1 36 

2 0 

23 0 

7 82 

1 9 37 

Length of interiKvle 

15 6.1 t <i 2 1 

<i.4l 

1 2t) 

37 0 

<i 67 

16 15 

11.17 

\umber of lea\ es... 

(') ! (') 1 

I (<» i 

11 7 

(») 

(4 

(4 

14 

l.eafurca- 

(4 i 0) * 

(') ! 

40 

22 0 

14 60 

37 54 

12. 54 

('hlorophv 11 conicnt - 

(') 1 (»> 

' (') i 

22 94 

11.0 

15 99 

10 SI 

18 n 

Sugar content 

0) ( (»' 1 

1 (U j 

(4 : 

(4 

«4 

9 25 

19 55 

Total ctTect on > leld . ..j 

1(K) 0 1 100 0 1 

i 1 

! lOU 0 1 

KX) 0 j 

1(X) 0 

1(X» 0 

1 IfX) 0 

1 100 00 


' Not di'leriTiined diiriUK that year. 


Since a large number of variables involves much greater comjilica- 
tions and increases the probability of error, those of least significance 
were dropped. The scores of the last 3 years show that leaf area, 
chloroj)hyll, and sugar content formed a large })ortion of the contribu¬ 
tions to yield. The lirst three lengths measured from a group of com- 
jiarable value, which Karper and Quinby*^ consider as coming from 
closely related genes. Leaf area, sugar content, and chlorophyll form 
a se(H)nd coinj)arable group, and number of leaves and nodes a third. 

Table 4.- -Solution of normal equations: simple correlation coefficientsy -,i6 


Correlation foetlUnents ' In clas.s -- 


_L.L .1 J J.J’J ; s I 


1. Longth of seed branehes , 

2. Length of plant 

3. l.eaf area. 

4. ('hloroidty 11 content . 

5 Sugar <‘ontetit. 

6. (’iremuferenre of head. . 

7. Length of last lUMle.. 

8. Number of side branches. 

9- I.ength of bead. 

10. Yield. 


if 1 000 -t-0 132)4-0.401 
11 1 fKH), ~ 04Hj 4 083 
!f. ... l.OOOl 4.101 
II .. 1 l.OtXli A- 140 



-0 108 -0 242140 IKWi-0.18»|-0 OlOi H) H.S4'40 0.51 
-.13K - 549j +.218 +.050; + 44 Ij - 008; f . 408 

- 071 - 2301 4.070 A 310 4 2771 + 2171 - 179 

+ 188 .+ 20Sj + 155 4.181 - 275 +.4l9i - IHO 

- 181 ~.203| 4 384 -.084 -.059! + 285' + 385 

- 101 -.tXM + 233 - 067 -.0751 + 0821 -.249 

I 000 +.330 -.028 + 437 + OIlO - 134; - 103 

1 000 -.510( + 379 -.007 4-. I7l| +.a39! + 008 

1 (XX)I -.201 + 5,58 +. 164i - 210! -.(HH* 

. _ 1 (XXli -.2t)7 -.218 -.378! - 195! -.290 

. 1 1.000 -.252 + 089i +.779' + 043 

{ I ' \ iMVV ^ 9m -.029( -.026' -.290 

+ 112 - 185 -.279 

- 221 +. 705 + 300 

1-000 - 270 -.077 
1 000 -.474 4.105 
.... 1 IKK) -.083 

_ 1.000 +.224 

.. - J.! 1.000 

- - '_ I 1.000 



I Second line of data shows in each case the 1930 correlation coefficients for comparison vcitlt 1935, given 
first. 


< Kakpsk, HoBEtRT Eahl, and Quinby, J. R. hybrid vigor in sorghum. Jour. Hereolity 28; 83-91, 
illus. 1937, 
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Table 4 shows that the comparative value of individual determina¬ 
tions for the respective years is slight. 

A comparison of sugar content (5) with circumference of head (6) 
for 2 years shows a negative correlation for both years. In 1935, 
the same sugar content had a positive correlation with length of last 
node of 0.588, indicating some significance, but in 1936 it bad a nega¬ 
tive correlation of 0.218. The negative correlation of sugar content 
with yield of grain is to be expected, because the so-called high- 
yielding grain sorghums are seldom sweet-stalked. Leaf area (3) 
shows a positive correlation of 0.385 with yield in 1935, but in 1936 
there was an insignificant negative correlation of 0.249. 

Table 5. —Solution of beta values for various factors^ 1935-36 


Year 

^ oWt 

branchei i 

! 

^1 

I/Caf tireii 

Chloro¬ 

phyll 

content 

Supar 

content 

Circum¬ 

ference 

I of head 

i 

Length | Nuinln^r 
of last 1 of .side 
node j branches 

Length 
of head 

1935. 

~o sill 

-0 0004 

..”’l 

1 +0.4578 i 

-0 0950 

-0 0625 

1 +0 0992 

-0 1714 

4 0 0307 

1 

+0.5926 

1936. 

~.1294 

- 56.17 

+. 1555 1 

+ 4771 

- 5574 

1 - 2806 

+ 0772 

~ 0268 

; 4“ 3950 

1 


A comparison of values in table 5 confirms the inconsistencies of 
the correlations shown in table 4. The last pair of values for head 
lengths may suggest a trend of some significance, but the others have 
such a wide spread from positive to negative that comment is not 
necessary. Because of the limited number of samples, there may be 
some doubt as to the applicability of these measurable (diaractei’s as 
indicators of yield, 

SUMMARY 

Whether yields can be accurately i)redicted from the several score 
values indicated in these studies is doubtful, especially in seasons of 
subnormal rainfall. 

The irregular results obtained in 4 of the 8 years show that moisture 
and temperature have much tq^do with the correlation values. 

A basis for inheritance studies may be found in three groups of 
values shown in this paper: (1) length of plant and plant parts (head 
and seed branches); (2) photosynthetic agencies, such as leaf area, 
chlorophyll, and .sugar content, aiul (3) number of leaves and nodes. 
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DIRECTIONAL PERMEABILITY OF SEASONED WOODS TO 
WATER AND SOME FACTORS WHICH AFFECT IT' 

By Hahvev 1). J0hick8»()N, Amencan Creomtmg Co. Friloiv, Cnivvr.^iiij of Minne- 

fiota, Henry S( hmitz, chief^ Divimon of Forestry y and K. A. Gohtnek, chitfy 

Division of Agncullurol Hiochemistryy Minnesota Agt iculiurnt ExpeitmeniStation 

INTRODUCTION 

The study of wood permeability is a c*om])aratively recent innovation 
in tlie field of scientific research. Investipitions on plants elucidated 
the finer structure of woody stems, wliich in turn has IihI to speculation 
on the probable mechanism of liquid movement in wood. 

Tlie (uirlier investigations on fluid penetration into wood were made 
by those who were interested in the prestuvative treatment of wood. 
Subsecpient research has been c(»nducte<l on a much broader basis and 
has emj)loyed various juethods of attack of a j)hysical and chemical 
nature in an attempt to arrive at fundamental principles of wood 
permeability as well as improveimmts in various industrial aspects of 
the tnuitiruMit of wood. One conclusion which stands out from a survey 
of the literaturt‘ and from work in the field, is that the flow' of lupiids 
through wood is a com})licated problem influenced by numerous factors, 
some of wdiich are inherent in the stru<‘ture of w'ootl while others arise* 
from the relationship of wood to the ])roperties of a liquid. 

Previous inv(*stigations by the authors represented an attempt to 
edarify certain controversial points concerning the eilect of various 
treatments and liejuids on wood permeability and to obtain a more 
complete knowledge of the comparative longitudinal permeability of 
woo<ls. 

Very little work has been tlone on the measurement of the rate of 
li(|uid tlow^ tlirough wood radially and tangentially, although informa¬ 
tion on the relative })enetrance from impregnation studies has been 
re|)orted. Since such permeability, or the lack of it, Ls im])ortant in 
many comin<*rcial uses of wood and in processes involving contact and 
penetration of liquids, information to aid in a fuller understanding of 
tlie subject seemed desirable. Acconlingly a stiuly of radial ami 
tangential ])ermeability of a number of woods was made with attention 
being given also to the comparative permeability of springwood and 
siimmerwood and of heartwoocl and sapwood in the two tlirections 
where possible, 

REVIEW OF LITERATURE 

In order to explain the penetration of preservative fluids into wood, 
Tiemann {27) ' advanced the hy^pothesis that when wood was seasoned 
bclow^ the fiber-saturation point, narrow' microscopical slitvS developed 
in the walls of the fibers and tracheids wiiich rendered them pene¬ 
trable to liquids. In common with the botanists of his time,he believed 
that the. cells of wood in the green state were enclosed by a continuous 

‘ Received for publication June 2S, 1937; issued June 1938. 
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primary wall through whioli liquid might pass but only very slowly 
even at high pressure, Tlie difficulty oi injecting air an^ preservative 
oils seemed to substantiate this, 

Weiss {28) observed that there was greater jienetration of creosote 
in the summerwood than in the springwood of the same annual ring in 
longleaf pine. This he explained by saying that the thick walls of the 
summerwood would crack more on drying than the thinner w^alls of 
the springw ood. 

On examination of creosoted blocks, Bailey (7) found that in most 
cases the secondary walls of the summerwood cells were unruptured 
and that even when ruptures occurred the primary walls remained 
intact. He also noted that air passed very readiW through the dry 
springwood in which the walls were not checked, lie observed {2) that 
carbon particles in suspension passed through unseasoned sapwood. 
From microscopic and photoinicrographic studies he concluded that 
the pit membranes were not entire but had minute perforations in the 
tliinner radii of the membrane. In studies on mercury ])enetration, 
Scarth {16) found that tlie mercury apparently passed to the adjoining 
tracheicls through the pit membranes when the torus was in tlie normal, 
median position. When pits were absent or closerl (aspirated) the 
mercury did not enter tlie cells. 

From the results of penetration of a mercury sol and india ink into 
w’ood, Stamm (18) decided that if openings other than those in the 
pit membranes existed, they w'ere too small to hav^e an appreciable 
effect, on the determination of membrane fiore sizes. He found 
further that when the length of the effective capillaries betw^een 
tracheids was taken as the thickness of the pit membrane ^assumed 
to be approximately that of the middle lamella) in calculations to 
determine the size of the effective openings by elect roendosmosis, 
the values appi^oximated those obtained by hydrostatic methods. 
Very difl’erenl values were found if the length of the capillaries was 
assumed to be the thickness of the cell wall. In a reccuit review , 
Stamm {21) states that the cell-wall permeability under pressure is 
negligible as compared to the pit-membrane ])ermeability except in 
extremely resistant woods. ^ 

Much of the information on the effective capillary dimensions has 
V)een determined by Stamm. The methods which he has employed 
include electroendosmotic flow, hydrostatic flow, gaseous flow, over¬ 
coming surface tension in the capillaries, electrical conductivity, and 
permeability to colloidal sols. 

The effective capillary cross section of some softwoods cut in the 
three structural dimensions w as tletcrmined by electroendosmosis {18), 
Bymeasuring the eloctri(*al conductivity of salt solutions in wood the 
ratio of the effective capillary length to the effective continuous 
capillary cross section was determined {19), By combining the data 
of the first method with that obtained by hydrostatic flow (pressure- 
drop method) the average effective diameter of the openings (calcu¬ 
lated as circles) for the heartwood of two conifers was found to be 
from 11 to 23 ium. The range in maximum effective diameters of 
five species w^as from (>8 to 184 m/u (IS), The average values obtained 
by a similar combination with electrical conductivity data {19) were 
later found to be in error owing to an invalid assumption. The 
maximum vahies were determined in all experiments by calculation 
from the nressure necessary to overcome the surface tension of the 
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water in the largest effective capillary. In the latter case {19) the 
maximum effective capillary radii were from 40 to 120 m^i for llie 
heart woods of several species and from 180 to 11,000 him for the sap- 
woo(ls. Stamm (20)^ has sugjresteil a method for determining the 
distribution of the size of openings in a mcmibranc by the rate of 
change of the velocity of flow of air with changes in the effective 
capiliaiy radi\is which varies with moisture content or relative 
humidity. The minimum effective capillary radius was determined 
by the departure from a linear relationship between moisture content 
and permeability to air at the appropriate relative humidity. The 
minimum effective radius for a tangential section of white pine 
heart wood was 10 m^t, the average radius 27 nia, and the maximum 
radius 73 lU/u. 

The jirobable imt)ortan(*e of aspirated pits on the penetration 
properties of w’ood has been emphasized by several investigators, 
Ciriffin (7), one of the earliest workers on this prr>blem, determined 
by actual count the j)roportion of unaspirated and aspirated pits in 
seasoi\ed an<l unseasoned Douglas fir for both the mountain and 
lowland types. The latter had relatively few' aspirated pits in the 
green state as compared to the former. Air drying caused an in¬ 
creased number of aspirated pits in both the springwood and summer- 
wood of the mountain ty])e, whereas in the lowland type this occurred 
only if^ the springwood. Soaking the heartwood in alcohol before 
drying it prevented pitted aspiration. 

Cfrifhn (7, H) obtained a definite relation between creosote penetra¬ 
tion in the wood and the proportion of unaspirate<l pits. Scarth {10) 
re]>orted similar results oi’ mercury penetration. MacLean {IS) 
found a considerable proportion of aspirated pits in several w'oods, the 
springwood having a great<‘r proportion of closed pits than the sumnier- 
v\ood. lie also believed this to be “at least partly responsible^' for 
the difficulty of treating such woods. 

Phillips (lo) recently has studied the extent and time of occurrence 
of ])it aspiration in five species of softwoods. The general conclusions 
already given wow verified except that drying below" the fiber-satura¬ 
tion point <lid not increase the number of aspirated pits. Pit aspira¬ 
tion imueased gradually during the drying of green wood until nearly 
at the fiber-saturation point when almost all of the springwood pits 
liecame aspirated. The abrupt change indicated that aspiration was 
associated with the loss of the last trac^es of free water in the cells. 
Th<' proportion of unaspirated pits was found to increase w itli increas¬ 
ing thickness of the cell wall when the diameter of the pits in the 
suinmerwood remained nearh' the same. The average number of 
unaspirated pits per tracheid were from 0.5 to 0.3 for the springwood 
and from 2 to 11 for the summeiwood in the air-dry" wood. 

Scarth and Spier {17) suggest that pit membranes are pulled over 
to the pit aperture because of resins and other colloidal material 
released into the tracheids at the time of the death of the living cells. 
The wood then becomes heartwood in character. Nonresinous 
conifers showed pit aspiration to a lesser degree, w hich also explained 
the greater permeability of their heartwood. Phillips {15) states 
that closure of pits may be caused by evaporation of the last drop of 
w ater in the pit cavity, causing the torus to be drawn gradually toward 
the pit aperture by the surface tension of the annular metnscus be- 
tw"een the pit border and the torus. This may be true for drying 
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just above the fiber-saturation point, but it is doubtful whether it 
explains heartwood formation, for heartwood is not often at or below 
the liber-saturation point. 

Bailey {2) and Scarth (76*) believe that the application of pressure 
probably forces the torus apiinst the pit aperture, thus exerting a 
valvelike action and preventing the flow of liquid unless {16) the 
I>ressuro is sufficient to rupture the pit membranes. Sutlierland, 
Johnston, and Alaass {23) and Buckman, Schmitz, and Ciortner (J) 
found that permeability continued to increase with an increase in 
pressure with no sign of tapering off or decreasing as bigliei* pressures 
were applied. Hence no valve action of the tori could have occurred. 
That the membranes had not been ruptured by pressure was shown 
by the fa(*t that approximatel.v the same curve was traversed by the 
stepwise reduction of pressure if adeciuate time was allowed for the 
attainment of an e({uilibrium rate of now. 

The comparative permeability of sapwood and heartwood is ap¬ 
parently characterized by a great variation for dilfereiit species. Xo 
great amount of work has been done with si)ecific intent to settle the 
question, but several reports give an a])proximate idea of what may 
be expected. 

From tests on the relative ease of creosote imiiregnation of a number 
of conifers, Teesdale (24) found that the sapwood was more easily 
penetrated than the heartwood in those species possessing a highly 
developed system of resin canals. S[)ecies without resin canals weue 
impregnated but little better in the sapwood than in the lieartvN(»od 
except in some woods with distinct ct>lor diffenuices such as c(»dars, 
cypresses, et<‘. PYom impregnation studies on 25 hardw oods, T(‘(‘sdah‘ 
and MacLean {25) concluded that sapwood «)f all the species was fairly 
easy to penetrate radially even though the heartwood was resistant. 
These results are in agreement with the findings of S(‘arth (16) and 
Weiss {28). These qualitative results show the general trend and are 
the gist of information on lateral penetration. Sutherland, Johnston, 
and Alaass {23) in only three comparative runs on seasoned wliiti^ 
spruce, found that lateral rate of flow through the sapwood was about 
10 times that through the heiirtw^ooil. Tlieir data are to(» meager, 
howTver, to jiermit any general conclusions to be drawn. 

There is more information on the comi)arative longitudinal ])ermea- 
bility of heartw’ood and sapwood. Johnston and Alaass {12) found 
that longitudinal flow in sapwood of seasoned white spruce and gnam 
jack pine was 100 times faster than in the corresjjonding h(*artwood. 
Sutherland and others {23) reported that sapwood of three species was 
from 60 to 10,000 (calculated) times more permeable longitudinally 
than the corresponding heartwood. 

The comparative heartwood and sapw'ood longitudinal permeabili¬ 
ties were determined dirc'ctly at low" pressure on tliree species of w"ood 
by Erickson, Schmitz, and Gortner (6*). A wdde range of ratios (from 
10 to 500 times as permeable in the sapwood as in the heartwood) was 
found wliich was determined by the species, the treatment received, 
and the liquid used. Since the heartwood of the other species tested 
was not permeable at low pressure, the ratio in those species i)robably 
wouhl be very much greater even at higher pressures. 

Teesdale {24) noted tliat the color line between sapwood and heart- 
wood of pipes did not always coincide with the ease of permeability 
men in tlie same cross section of the tree. Scarth {16) likewise found 
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biuuis or areas of difreront resistance which extended radially or 
tanfjentially in the region of the border line. 

The most im])ortant structural factor influencing penetration into 
hardwoods was louiul by Teesdale and MacLean {25) to be the relative 
absence of tyloses in the vessels. (This is undoubtedly of greatest im¬ 
portance in longitudinal pemdration). Next in iinportanc(‘ was the 
permeability of the wood cells to the fluid. 

Jt is not yet clear what role resin canals play in w^ood ])ermeability 
and impregnation of w^oods with fluids. Tiemann (27) fouml that 
resin (anials may or may not pernlit air to pass through freely, ile 
attributi'd the difference to the fact that some canals were open 
whereas others were clogged with resin. Weiss {28) explained the 
difficulty of treating Douglas fir and spruce by the relativtdy few^ resin 
eanals which they f)ossess; in southern pines resin canals were more 
abundant and the woods were easier to treat. Teesdale {27^) also 
believed that the resin canal system acted as chatinels of flow' for the 
])jeservative fluid. Radial resin canals w(‘re Ixdieved to be especially 
elfective because when they were ])resent radial penetration was from 
one-fourth to three-fourths of the longitudinal penetration. The 
response of one species to treatment could not be applied to another 
^)>e<*ies of similar structure. Inlierent differences between species 
must be r(*cognized. 

Weiss (28) believed that in Douglas fir heartw'ood the resin became 
hard and added to the difficulty of impregnation. Teesdale {2/i) 
extended this idea of harder and more insoluble re^sin to include heart- 
woods in general. lie stated that the ease of penetration of the sap- 
wood of pines, spruces, etc., seemed to be a result of the combined 
(effect of the nonresinous structure and tlie resin canals. The sap- 
wood of s})e(*ies containing canals showod the most erratic absorption, 
and the most resistant species gave the most uniform results. 

In jack pine sapwood, Scarth (W) found that resin canals were the 
<‘hief means of longitudinal penetration, but in the heartwood the^’ 
were usually blocked by resin or by tylosoids. Johnston and Maass 
\12), after several methods of experimentation, did not deny the 
effectiveness of re.sin canals in jack pine heartwood, but their results 
demonstrated, they believed, that only a part of the flow* occurred in 
tliis way and that cell penetration did take place under ])ressure. 
In attempts to penetrate the w'ood with safranine .solution, they found 
tlie dye (‘onfined to the first tracheid length and to the resin ducts, but 
after one-half hour the wliole sample was evenly saturated with water, 
and in spite of the failure of the safranine to move into the tracheids, 
tliey believed that this indicated that water moved through the section 
l)y means other than the resin ducts. In the opinion of Sutherland 
and others {2^), longitudinal flow' through sapwood was too rapid to 
be accounted for bv resin canals. 

No significant difference in longitudinal rate of flow' was found in 
the areas with or without resin canals in the same part of the annual 
ring in two southern pine sapw oods investigated by Erickson, Schmitz, 
and Gortner ((>). * 

Most of the available information on directional permeability has 
been obtained from impregnation studies on wood, although a few' 
measurements of radial and tangential rates of flow' have been made. 
\Veiss {28) detennined the creosote penetration in the three structural 
ilirections of several woods by forcing creosote into holes bored into 
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a wood block of given dimensions and then measuring the distance 
of penetration. Radial and tangential penetrations were less than 
the longitudinal penetration; the ratio between them varied witli 
the species. 

Teesdale found that in woods with resin canals the radial 

penetration of creosote was from one-fourth to three-fourths of tlie 
longitudinal penetration and that the tangential penetration could be 
disregarded since it was usually a fraction of tlie radial value. In 
longleaf pine, for example, the longitudinal, radial, and tangential 
penetrations were in the ratio of 1()0 to 4 to 1. In woods without resin 
canals the radial and tangential penetration were about equal and only 
one-twentieth to one one-hundre<lth of that obtained longitudinally, 

Johnston and Maass {12) reported about the same magnitude of 
flow in the three directions for jack |)ine sapwood. In the heart wochI, 
however, longitudinal tlow was 100 times that in the two lateral 
directions. Sutherland and others (2S) found that in the heart wood 
of white spruce the apparent penetration radially and tangentially 
was less than 9 ])ercent of the longitudinal value, although the actual 
amount penetrating was about 1 percent. In sapwood the radial 
penetration w^as less than 2 percent of the longitudinal value. Ii^ 
unseasoned Norway pine sapwood the radial aiul tangential penetra¬ 
tion was less than 1 percent of the longitudinal value. Tangential 
penetration of white spruce sapwood was somewhat greater than 
radial penetration, Sutherland and his cow'orkers admit, however, 
that these results are not satisfactory largely because of experimental 
difficulties. 

Stamm (20) has used radial and tangential permeability to some 
extent in determining the effect of moisture content on the effective 
size of the capillaries in tlie pit membrane and to find the elfective 
size of the capillary openings (18), 

It is obvious that suitable and extensive data do not exist on 
directional permeability. 

The suggestion is found occasionally in the literature that possibly 
w^ood rays aid in the radial movement of li(|uids in wood. However, 
relatively few observations have been made and very little study lias 
been done on this speidfic problem. Teesdale and Macl^ean ( 20 ) 
observetl little or no creosote in the w'ood rays or other [larenchyma 
cells of hardwoods after the preservative treatment. In conifers, 
likewise, Teesdale (2Jf) found that as a rule creosote was not present 
in wood rays after pressure treatment. In Bailey’s (2) experiment, 
carbon particles of the size used did not enter the wood rays* How¬ 
ever, Stamm (18) pointed out that the effective open capillary struc¬ 
ture of tangential sections determined by electroendosmosis corre¬ 
sponded to that of the internal cross-sectional area of the ra^^ cells 
obtained by microscopic measurements. 

It is evident from the above statements that the role of wood rays 
in the radial permeability of wood is undetermined and that more 
proof is needed before either view^ can be accepted. The weight of 
evidence seemingly*favors the idea of impermeability of the wood rays. 

Inhere is scattered information in the literature relative to the 
comparative permeability of springw^ood and summerwood. In dry 
loblolly pine sapwood 'Tiemann \27) observed relatively greater 
permeability in the springwood to air passing in the longitudinal 
direction by his method of soap films on the surface of the w^ood. 
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Weiss {28) and Bailey {1) observed greater absorption of creosote in 
the snmmerwood than in tlie springwood of longleaf pine. From 
rather extensive experiments with creosote injection into conifers, 
Teesdale {2/i) decided that in most woods sumrnerwood was more 
penetrable than springwood. Redwood, yew, and tamarack were 
exce[)tions. Depth of color was used as a basis of comparison. An 
analysis of one wood, loblolly pine, showed that the surnnierwood 
contained 80 percent more (‘reosote than the springwood. 

In later work MacLean {IS, 14), Teesdale and MacLean {26), 
Oriffin {8), and S(‘.arth {JO) found greater penetration and absorption 
of the preservative fluid in the sumrnerwood by several species of 
softwoods, ])rincipally longleaf pine, Douglas fir, corkbark fir, and 
spruce. In some species it was often difficult to determine wliich 
was the more ])ermeable to zinc chloride iJS), but with creosote the 
sumrnerwood was usually penetrated most readily. Scarth and Spier 
{17) forced water-soluble dyes into red spruce sapwood longitudinally 
and not<Ml (piick staining of the springwood but fre<piently no staining 
of the summerwood. In the heartwood, contrary results were 
obtained. Buckman (4) found that in the sapwood of freslily creo- 
soted southern yellow pine, the springwood of the majority of the 
rings contained more creosote than the summerwood The greater 
void volume of the springwood afforded a probable ex[)lanation. The 
higlier creosote coTicentration in the summerwood of some rings was 
attributed to a greater penetration. This occurred only when the 
total abst)rption of the ring was low or when (‘onditions of relative 
free space differed ])rior to treatment. Buckman pointed out that tlie 
data probably could not be justifiably interpreted as meaning a 
generally greater permeability in the summerwood, although the 
evidence favored it. 

Erickson, Schmitz, and (lortner (6*) measured the rate of longi¬ 
tudinal flow' through the springwood and summerw ood of the sapwood 
of tw'o southern yellow' pines to obtain the desired comparison. In 
both species the springwood was very definitely more permeable to 
water than the summerwood in both the seasoned and unseasoned 
specimens. This ai)parently contradicted most of tlie preceding 
work on the problem, but tlie authors pointed out that the vastly 
different conditions of the two types of experiments might possibly 
account to some extent for the disagreement in results on the same 
woods as reported by others. 

Bailey {2), after postulating the existence of openings in the pit 
membrane, explained the great resistance of green woods to flow' of 
air as being due in i)art to the effect of surface tension in the small 
openings where numerous membranes had to be traversed. How aid 
{to) could find no constant relationship betw'een the surface tension 
at an oil-air or an oil-water interface and the penetration of the oil. 
This does not necessarily exclude the effects of surface tension but 
probably means that moderately small differences in absolute values 
for the aifferent oils do not give apparent differen('e§ in their penetrance 
into wood. 

According to wScartli {16), the sapwood of spruce resisted the pene¬ 
tration of mercury, which stopped at the pits. However, the hin¬ 
drance was not a structural one, for w’^ater flow ed through the sapw ood 
and through the pits, as w^as show'ii by coloring the liquid. Iiawdey 
(9) points out that if a liquid does not wet wood the capillary forces 
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act in the opposite direction of water or against the niovernent into 
the capillaries. In such a situation a pressure as high as 50 atmos¬ 
pheres may be required to overcome the caj)i]lary forces in the pit 
membranes and cause intercellular flow. Although equally high capil¬ 
lary pressures may exist in the <‘ase of water, Hawley believes that 
they have little effect in aiding the capillary flow into wood and may 
actually be retarded by the pit membranes because of the large angle 
of their surfaces to the mouths of the openings. 

Experitnental evidence that the j)resence of air in the wood and that 
forces of surface tension may affect the rate of (low was obtained by 
Erickson, Schmitz, and CJortner (6*). In a heartwood of moderate 
]>ermeability the rate of flow of water initially and for a shoil time 
thereafter was usually less in the unevacuated sections than in the 
evacuated sections although the final rate of flow was about the same. 
In the more resistant woods, however, both the initial and the final 
rates were less in the unevaciiated sections than in evacuated sections. 

Sutherland, Johnston, and Maass (^r?) determined the effect of sur¬ 
face tension by forcing air tlirouph transverse sections of sapwood and 
heartwood. Difliculty in obtaining flow’ was encountered only in 
heartwood sections which had been partly soaked witli water, 'j^'hey 
believed that the Jamin tube effect was responsible for the observcal 
large increase in resistance with increased thickness of the wood 
section. 

APPARATUS AND METHODS 

The apparatus and materials used in <letermining the radial and 
tangential permeability of woods wore essentially the same as those* 
used by the present writer's (t/) in previous iinostigations on wooel 
permeability. 

The apparatus* (fig. 1) was constructed entirely of brass in the parts 
subjected to pressure and of glass and rubber tubing in other parts. 
The essential features included a brass cylindrical supply tank (h) 
which contained the licjuid and was capable of withstanding high pres¬ 
sure. This w^as connected to a feed line on wdiicli w ere four T connec¬ 
tions at regular intervals. To these were attached lirass steam valves, 
and in each was screw(*d the sliort length of pit>e extending from the 
center of the lower brass disk. The pair of disks (c) was held iii aline- 
ment by two pegs which fitted into holes in the other disk. The open 
area through the center of the disks or the area of the sections exposed 
lo the liquid under pressure w as 1.47 cm^. To the top of each upper 
(lisk was sealed a glass T tube. On the side w as attached rubber tubing 
and pinchcock and these served as a drain line for the liquid accumu¬ 
lated during the experiment. A burette (d) to measure the volume of 
liquid flow was fastened to the end of the T tube. In tlie runs in 
which the. rate of flow' was not rapid, wdiich was the usual thing, 
pipettes were used instead of the regular size burette. These {)ipettes 
were calibrated to 0.01 cc. 

A tank of compressed air (a) equipped wdth a reduction valve was 
used as a means orproducing the desired hydrostatic pressure. The 
high pressures were read from a gage of 150 pounds per square inch 
maximum capacity; for low' pressure a mercury manojueter w*as em¬ 
ployed. The time necessary for a given volume of liquid to flow 
throug(h the section of w ood w'as timed with a stop w^atch. In some 
preliminary determinations, it was found that at high pressure the 
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sections of some of the less dense woods bulged eonsi<lera})ly in the 
open area exposed to the liquid. A brass retaijier was inserted into 
the opening of the upper disk to serv^e as a backstop for the section if 
sliould occur. Tliis devh^e was essentially a brass tube across 
one end of which ^^ere three raised bars with edges rounded to prevent 
the wood from being cut. The bars were spaced about 2 mm apart on 
either side of the center one. By tlie use of shims on the ojijiosite 
<'nd, the retain(*r was adjusted until the bars were only a few tenths of 
a millimeter beneath the surface of the disk. This seemed to eliminate 

quite satisfactorily the objectionable bulging and distortion. 

No correction for th(» area of the bars has been made in data reported 
in this pajier, for the following reasons: (1) Jt could not be definitely 
determined even on tlie same section from a number of tests whether 
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the retainer really did cause a decrea.se in rate ol flow when the section 
was pre.ssed against the bars, (2) In the woods tested at low pressure 
the section would not contact the bars lirmly. (3) Not all sections 
would press against the bars with the same firmness even at high 
pressure, because the density and rigidity of the woods are variable. 
i4,) It does not neces.sarily follow' that contact with the section de¬ 
creases appreciably the total flow in the region of tlie contact. 

The initial rale of (low rejiresents the volume of flow' in cubic 
centimeters per minute usually in the first 2 or 3 minutes after the 
application of pressure. Where the flow of liquid was very slow' more 
time was necessary to make finer adjustments before timing it. In 
very resistant sections the slight bulging of the section until firmly in 
contact with the retainer occurred in the first few minutes and might 
be mistaken for flow' of liquid through the section. With some woods 
the rate of flow' w as so slow that 5 to 10 minutes w as required to obtain 
a sufficient flow of liquid to permit an accurate measurement. 

Most of the determinations were made at a temperature of about 
24® C. Wlien the rate of flow^ was exceedingly small, fluctuations in 
room temperature were held as constant as possible (within 1®); 
otherwise expansion and contraction of the liquids in the burettes or of 
the glass and other parts affected the smoothness of the readings to a 
noticeable extent. 
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The rate-of-flow values arc nearly always given to three deciiual 
places of significant numbers but not to more than five decimal places. 
The third digit and the fifth place were not always significant as 
determined by calculating: the effect of probable errors in reading the 
pipettes and errors of calibration and long timing periods, but for the 
sake of uniformity these standards were adopted. 

The two pressures used in these stmlies were 10 cm of mercury and 
100 pounds per square inch gage reading. The lower pressure was 
used for those woods that were permeable to the extent of an ob¬ 
served flow of more than 0,002 cc per minute. After the regular 
3 -hour period of continuous flow, the pressure was increased in some 
runs to the higher pressure and the rate of flow was measured during 
a 3-hour period at this pressure. This was done for the w oods show n 
in table 1 except w'hite spruce sapwood, tamarack sapw^ood, and the 
sapwoods of loblolly pine and longleaf pine. The 3-hour i)erio<l was 
selected as an arbitrarv time limit because the rate of flow usually 
does not change rapidlv with time after this period of continuous 
flow and because it facilitates comparisons on a common time })asis. 
The term ^‘final rate of flow ” refers to the rate of How* after 3 hours 
of continuous flow . 

The tangential sections of most species of wood w^ere sawed from 
freshly felled trees of known history. The radial and tangential 
sections of eastern hemlock, western hemlock, northern wlvite cellar, 
Douglas fir (I'oast type), and wdiite oak were sawed from small sea¬ 
soned blocks of the same logs used in the study of longjitudinal per¬ 
meability in previous work ((>). The other radial sections were cut 
from small seasoned blocks of the same logs from which the tangential 
sections were sawed. The sections and blocks in the green condition 
were slowly dried in a cabinet equipped with a fan, two type Bahnsou 
humidifiers, heating elements, wet- and dry-bulb thermometers, and 
automatic controls for maintaining humidity and temperature. The 
temperature in the cabinet was 30® C. The woods were seasoned to 
about 8-percent moisture content. Sixteen species of wood were 
used in this investigation. The common a ml scientifu* names us 
given by Siidw^orth (^2) arc as follows: 

Common rtnmt' Scientific name 

^‘Ucsinous woods'’; 

,Jackpino__. _ . Ptnus hankniana 

Loblolly pine .. . Ptnus taeda Linnaeus. 

Longleaf pine.. - _ Ptnus yaluMns Miller. 

Norway X)ine_. . _. Pinus wsmona Solander. 

Shortloaf pine_ _ Pinus echinata Miller. 

Slash pine-_ _ . Pinus cat ihnea Morlel. 

Tamaracks_ __ _ , _ Lar/x (DuU<a) Koch. 

White spruce- . . Picea glnuca (Moench) Voss. 

Douglas fir (coast type)-- . Pseudotsuga taxi folia (Lamarck) liritton. 

Black spruce. . _ . . _ Picea mariann (Miller) Britton, Sterns, and 

Poggenberg. 

‘‘Nonresinous woods”: 

Eastern hemlock.. Tsuga canadensis (Linnaeus) Oarriere. 

Western hemlock .' — „ . Tsvga heierophylla Sargont. 

Balsam fir-.. „ . haZ«amea (Linnaeus) Miller. 

Northern wiiite cedar Thuja occidentalis Linnaeus. 

Paper birch- Betula papgrifera Marshall. 

White oak. - - Quercus alha Linnaeus. 

In each species the sections used w'ere saw^ed from at least two dif¬ 
ferent places in the log. Great care was exercised in cutting the 
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sections so that they would be as nearly perfect as possible. The 
trueness of the tangential sections to the longitudinal plane was 
judged by the resin canals and by the annual rings, and in the radial 
sections by resin canals or vessels when present, but most satisfactorily 
by examining the sides of the section through a hand lens and ob¬ 
serving the deviation, if any, of the cell axis from the plane of the 
section. The truem^ss of the sections in the radial and tangential 
directions was judged by the direction of the wood rays as seen with 
the aid of a hand lens, and tlie direction of the annual rings, respec¬ 
tively. If the wood rays, starting near one cormu-, ran across the 
section to the other surface before the opposite side of the section was 
F-eached, the section was not considered acceptabh*. In all woods 
only the best of a number of ac<*eptable sections was used. With 
some woods good sections were difficult to obtain. 

To prevent the licpud that entered the section from flowing eut in a 
longitudinal direction particularly, but also from flowing out the 
sides, the ends aud sides of the sections were impregnated with paraffin 
as thoroughly as possible by repeatedly dipping these parts in melted 
paraffin at from 70^ to 75° C. Sudan 111 was used to color the para¬ 
ffin, thereby aiding in observing the extent of penetration ami capillary 
rise on the surface of the section while treating. In tangential sec¬ 
tions. the resistance of the wood tangentially, which is equal to or 
greater than that radially, and the greater distance the water would 
have to move sidewise than through the section, woidd tend to be 
effective sealing agents in themselves by acting as hindran(‘es to flow 
through the sides of the section. 

In radial sections the argument of greater distance from the exposed 
area to the edge of the sectioti also holds, but the resistance of the 
wood to How would not be so great. However, in those woods that 
were very perm<‘able radially, if leaking had occurred it should have 
been sufficient to be detected by <lripping from the disks. No appre¬ 
ciable loss was noticed. The results on several woods, most of which 
were very resistant tangentially, were checked by applying several 
<‘oats of a ])lasticized lacipier to other sections on all but the approxi¬ 
mate area of the openings in the disks. The rate of flow or the ab- 
.sen(‘e of flow was about the same as in the paraffin-coated sections. 
(^>nse(luently, absence of flow or a very slow rate of flow was not due 
to leakage from the section. The woo<ls which were checked were 
tangential sections of longleaf pine heart wood, shortleaf pine sapwood, 
white spruce heart wood, balsam fir heart wood, Douglas fir sapwooil 
and heart wood, and tangential sections of northern white cedar heart- 
wood. The lacquer method is probably the surest, but it is the most 
time consuming. The temperature of tlie paraffin probably caused 
no permeability changes in the wood, for the air above the liquid 
was not over 50° O., and the portion of the section not in the liquid 
would be less than 70° at least. Temperatures below this even on 
wet wood do not seem to affect permeability permanently {2S), 

All sections were humidified in a desiccator at 90 percent relative 
humidity prior to coating and also afterward over water for a total 
of at least 6 hours, and often much longer to prevent checking on the 
ends when increasing the moisture content after the coating process 
and before evacuation of the section. 

Before each run the sections were evacuated 15 to 20 minutes over 
water and 10 to 15 minutes in water without breaking the vacuum, 
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the total time being about 30 minutes. Tlie maximum vacuum 
drawn over water was 28.5 inches of mercury. The loss in moisture 
content of the sections during evacuation in air was not large. Some 
test specimens at 24 percent moisture content lost only 3 ])ercent of 
moisture during a 20-minute evacuation. 

After the evacuation period the sections wej*e allowed to remain 
under water for 15 minutes or more before they w^ere f)laced in the 
apparatus. Care was taken to avoid trapping any air underneath 
the section during this placement. The sections were so oriented 
that the retainer bars w'ere at right angles to the longitudinal axis 
(across the tracheids) in order to maintain the maximum strength 
properties of the section. The disks w^ere then drawn togetln^r, the 
levels in the burettes were adjusted, and pressure was applied. 

Distilled water wras used throughout the ex])eriments. 

EXPERIMENTAL RESULTS 

KADIAL PERMEABILITY AT A PUESStTRE OF U) CM OF MEKC^IKY 

Less than one-half of the woods used in this study w ere appreciably 
permeable to water radially at a pressure of 10 cm of mercury (tabh^ 1). 
Although a measurable quantity of liquid flowed through these woods 
none of them showed a high degree of permeability when jiuigcal by 
the ease of licpiid flow' in the longitudinal direction. This was to l)e 
expected because the movement of liquid would be at right angles to 
the cell axis. 

One of the most imiiortant facts shown by table 1 i^^ that all the 
woods except one which were permeable at ]<»w' pressure were the 
resinous woods or those which normally ])ossess resin canals longi¬ 
tudinally and radially.'^ With nonresinous conifers an a{)pi‘(‘ciable 
rate of flow^ was hot obtained during a period of 15 minutes. There 
may be one exception to this statement, however, and that is balsam 
fir sapwood. In some determinations the data of which are not. 
reported in table 1, a small rate of flow' was obtained at low' pressure 
(10 cm of mercury). These .sections were from a different bolt of 
wood and the treatment of tl^f wood before the sections were cut 
was not definitely known. Hence the inclusion of the results did not 
appear advisable. Nevertheless, it may be that some samples of 
balsam fir sapwood are permeable at low' pressure. 

Another fact of major importance .show n in tabl(» 1 is that in almost 
all cases only the sapwood of the species represented was permeable 
at low pressure. The springwood of jack pine heartw'ood was an 
exception, showing almost the same rate of flow' as the sapwood. 
That this may have been due to chance to some extent is imlicated by 
the greater variation between the individual sections as shown by 
maximum and.mininuim final rates of flow' in the last two columns of 
table 1. Some sections of tamarack and Douglas fir heartwoods 
showed a small rate of flow' at low^ pressure, but many did not; coiivse- 
quently, they were all run only at high pressure. 

The more permeable woods wore the sapwoods of the southern 
pines, white spruce, tamarack, and Douglas fir. The variation in the 
rate-of-flow values for the individual sections of a given W'ood was of 
reasonably limited range in most woods. The last two coliiimis 

. ^ Throu$;bout this paper the term “resinous wood” refers to a "wood whicli possesses a system of resin 
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the inininiuin and the iinixiinuni rates of flow at the end of 3 
hours of eontiniious flow. 

In general, the rate of flow became less as the time of continuous 
flow increased. The initial rate of flow was greater than that at any 
succeeding period exccfit with tamarack sapwood, and tlie springwood 
of the sapwood of lolflolly pine and white spruce. On an average, 
the final rate of flow for most woods was about one-third to one-fourth 
of the initial rate. 

It is noticed from table 1 that in several woods the .springwood 
was more pernu'able radially than the summerwood. The two rates 
of flow- in the southern pines were in the ratio of 4 to 1. This difl'er- 
cnce is not very great, and the limited sampling rerluces the significance 
of sucli difference's. White spruce, Norwav jiine, and jack pine were 
about as ])ermcable in the springwood as in the summerwood at the 
low er pre'ssure*. 

't vai.E 1.— Radial rate of Jioir of water through thin sensonid tucfion.^ of wood at 

different pnKSurea 
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Table 1. —Hadial rate of flow of water through thin seasoned sections of wood at 
diflerent press u 7'es — Contiii uecl 

PKESSURK, 100 POUNDS PER SQUARE INC'H-(^oiitniued 


Kind of \\ iK)d 
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Black spruce heartsood. 

White spruce sapw ood.. 
White spruce heartwooci.. 

Eastern hemlock sapwood 
Eastern hemlock hea^t^v<>od 
Western hemlock sap\\ood-. 
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Douglas fir (coast type) sap- 
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Douglas fir (coast type) heiirt- 
uood-.- .. 

Balsam fir sapv ooil. 

Balsam fir heart wood. 
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RADIAL PERMEABILITY AT A PRESSURE OF JOO POUNDS PER SQUARE INC'H 

The (lata obtained on the radial rate of flow of watcM’ through sec¬ 
tions of seasoned wood at a relatively high pressure, 100 pounds piu' 
square inch are also presented in table 1. These data show great 
variation in rate of flow among the woods tested. All of the woods 
except paper birch heartwood and white oak heartwood were perme¬ 
able at high pressure. Among the most permeable woods wore the* 
southern ])ine sajiw^oods and l3ouglas fir sapwood, which had initial 
rates of flow of from 5 to 30 cc per minute. Those woods that were 
permeable at low^ pressure were also the most permeable at bigli 
pressure. They include the sapwoods and a few' heart woods of the 
species with resin canals. A cursory inspection of table 1 will show 
that for most woods the rate of flow was not of a high order of mag¬ 
nitude, usually only a few tenths of a cubic centimeter or l(\ss. 

Whenever it was possible, springwood j)ermeabi]ity was compared 
with summerwood permeability. In a number of woods, however, 
the annual rings were not of sufficient width to permit the cutting of 
springw^ood sections of the desired thickness. The sections cut from 
these woods contained Ixith springwood and summerwood, and in 
about the same proportions as the original block. The estimated 
anioimt of summerwood in the sec^tions containing summerwood is 
given in table 1. Zero percent designates springwood. Percentages 
are admittedly not accurate but they represent an estimated average 
for each series of sections and give some idea of the amounts involved. 
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Of eight sapwoods tested at high pressure the majority showed about 
the same permeability in tl)e springwood as in the summorwood. In 
no case was one part of tlie annual ring as much as twice as j>ermcable 
as tlie other. By species, these sapwoods were: Jac^k pine, loblolly 
pine, longleaf piiie, Norway pine, shortleaf pine, slash pine, black 
spruce, and balsam fir. Although the southern pine sapwoods were 
somewhat more permeable in the springwood at a pressure of 10 cm of 
mercury this apparently was doubtful at 100 pounds per square inch. 

In contrast to tins, the springwood of the heartwoods was usually 
more permeable than the surnmerwood. The one exception was 
Douglas fir, which was about as permeable in the springw^ood as in 
(he surnmerwood. The sjmngwooil of loblolly pine, tamarack, and 
black spruce heartwoods was 4 or o times as permeable as the summer- 
wood ; that of jack pine, Norway pine, am! balsam fir heartwoods about 
10 times as permeable; and that of white spruce nearly 30 times as 
permeable. 

It is desirable when data of this sort are available to make a com¬ 
parison of the various woods on the basis of their permeability as 
indicated by rat('-of-flow measurements. In so doing two separate 
arrangtunents must be made- one including the springwood sections 
and one including the sections containing surnmerwood—because the 
average permeability of some woods was not determined and it may 
not be a simple average of the springwood and surnmerwood values or 
the surnmerwood values aloru'. Tlie order of arrangement can be 
more properly ^iven by dividing the list of woods into groups which 
are determined in their limits by a shift of one decimal place in relation 
to the first significant number of the rate-ofdlow values. 

The order of the woods on the basis of their observed springw’ood 
permeability (from table 1) is as follows: 

Soutliern pine mi[)U(hx1s _ 

'Paiaarack li€‘artw<>o<t - 
lilack spruce sapwooci 
Jack pine sapwoofl __ 

Nor^^ay pine hapwooU 
Lohlolly pine iieartwoocl 
Doiarlas fir lu^artwood 
Jack pine heartwood 
Vi'hile sf)ruce heartwood.. 

Black spruce heart wood _ 

Nnrway pine heart wood 
Balsam fir sap wood 
Balsam fir heart wood_ 

A similar list based on data from the sections containing summer- 
wood of the amounts indicated in table I includes all the species 
studied. The list in the order of decreasing final rate of flow through 
the woods is as follows: 

Southern pir>e sapwoods (on 

initial rate of flow).. , . 

Douglas fir sapwood. - _ 

Black spruce sapwood.. 

White spruce sapwood - - 

Tamarack heart wood_ 

Jack pine sapw’ood-. 

Norway pine sapwood. 

Douglas fir lieartwood 


basis 1 

* >1.5 cc )W minute or more. 

] 

■ "|ilanKe, 0.7 to 0.3 cc i)cr minute. 


|l CC ]>er mnnite or more. 

' 

dtange, 0.5 to 0.1 cc per minute. 

/ 

jltange, 0 04 to 0.01 cc jier minute. 
0.001 cc ptT imnute. 
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Loblolly pine heart wood_- 

White oak sapwood,_ .. _ __ 

Northern white cedar sapwood_ 

Jack pine heartwood. . _ 

Balsam fir sapwood_ _ 

Kastern h(?mlock sap wood_ __ 

Black spruce heartwood.__ 

Paper birch sap wood_ . .. 

AVliite sjjruce heartwood__ 

Western hemlock sap wood., 

Longloaf pine heartwood_ 

Norway pine heartwood. 

Northern white cedar heartwood_ 

Kastern hemlock heartwood_ 

Balsam fir heartwood, ... 

White oak heartwood, . 

Paper birch heartwood, __ 

Tlie above (‘lassificatioiis are not to be eoiisidered as absolute or 
fixed orders of arran^eineiit but only as an approximaU* elassifietitiori 
in wliich a wood of one njroup may belong to another ^roup when 
different samples or different experimental conditions are employed. 

In almost every species the radial permeability of the saipwood was 
greater than that of the heartwood. In no case was a greater heart- 
wood permeability found, but in two species the heartwood and sap- 
wood permeabilities were not very different; western hemlock sap- 
wood was less than one and one-half times as permeable as heartwood^ 
and the springwood of jack pine sapwood was more than twice as 
permeable as the s})ringwood of jack pine heartwood. In making 
such comparisons from the data of table 1. if is obvious that where 
springwood and summerwood permeabilities were measunMl se|)arately 
coinf)arisons of heartwo<»d and sapwood also should be made sei)arately 
and on the same part of the annual ring. 

The approxin'iate ratio of sapwood to heartwood permeability for 
other species based on sf)ringwood, summerwood, or botli together 1*^ 
as follows: Jack pine summerwood, 20; Norway pine springwood, IN, 
summerwood, 170; black spruce springwood, 25, and summerw'ood, 
180; wdiite spruce summerwood, J20; easterti hemlock, 18; western 
hemlock, 1; Douglas fir sumrr^erwood, 18; balsam fir springwood, 10, 
and summerwood, 180; northern white cedar, 27. Pai)er birch and 
white oak heartwoods w ere practically impermeable so numerical com- 
parisoj) is impossible. 

Where comparisons are made o.n the basis of summerwood sections, 
it is not meant that the sections were entirely of summerwood; they 
contained only the amount of summerwood indicated in the fourth 
column of table 1, which w^as not always the same for heartwood ajid 
sapwood. (\)nsi(lering the small sampling and from oidy one log, 
the figures are approximations. 

A decrease in rate of flow as the time of continuous flow' increased 
w^as again the'general occurrence, but in this series of tests a number of 
woods gave increased rates of flow' with time as measured by a 
comparison of initial and final rate of flow . The follow ing W'oods gave 
a final rate of flow *of water wdiich was from ojie to three times the 
initial rate of flow for the same woods: Summerw oods of loblolly pine, 
tamarack, and northern white cedar heartwoods, and of black spruce 
heartwood and sapwwd and springwoods of tamarack heartwood, 
black spruce sapwood, and Douglas fir heartwood. In several of these 
<woods, namely, the summerwoods of northern wliite cedar, tamarack, 


Hango, 0.07 to 0.01 co p€*r iiuniito. 


Range, 0.009 to 0.002 cc per minute. 


Range, 0.0009 to 0.00 ec per minute. 
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and Douglas fir lieartrw oods, the initial rate was hut little ciiflereiit from 
the final rate of flow. The period of time over which flow continued 
to increase varied with the kind of wood. The suniinerwood of black 
spruce sapwood increased in permeability to water to the very end of 
the run. in tamarack heartwwid the maxiinuin rate of flow w^as 
reached after 1 to 2 hours fd* flow . In other woods, the maxiinuin was 
reached after % to 1 hour. 

The sections of a wpod did not ahvays behave identi(‘ally either in 
increasing or decreasing the rate of flow'. Occasionally both processes 
occurred simultaneously in different sections. The reported ^ allies 
therefore are merely the net result. In some instances the rate of flow 
fluctuated considerably in the same section during the run. This 
sometimes occurred in black spruce heartwood and sapwood and in 
some sections of tamarack and of white spruce sapwood. In several 
sections of black spruce lieartw'ood the rate of flow' increased only 
slightly during the first 15 minutes or half hour and then suddenly 
increased very greatly, after which it continued to increase slowly in 
some of the sections and began to decrease in others. Almost every 
tvjie of flow' situation was found in a few' of these resinous woods. 

The nonresinous woods did not show these abnormalities in rate of 
flow. Northern white cedar showetl a delayed flow' in some sections, 
but the rate of flow' was very small and no striking fluctuations or 
changes occurred as in the above cases. 

Attention should be called to the degree of variation in radial per¬ 
meability between individual sections of a given wood. Some idea of 
the variation obtained may be gained by comparing the last three 
columns of the latter part of table I, wliich show the average final rate 
of flow (after 3 hours), the minimum final rate of flow, ami the maxi¬ 
mum final rate of flow in the onler given. The more resistant woods, 
in general, show considerable variation. Tamarack heartwood seemed 
to be the most inconsistent of the group. Some sections cut from the 
same small jiiece were very resistant and occasionally showed no rate 
of How% whereas a few' were very permeable. This was true of the 
Ifi and IS sections of springw'ood and suniinerwood of tamarack 
heartwood which were tested. In several other woods some sec¬ 
tions were apparently impermeable by the methods used. Variations 
in which the maximum value was 10 times the minimum value were not 
uncommon, and in a few instances the difference was much greater. 

TANGENTIAL PERMEABILITY 

The data obtained from experiments on the tangential permeability 
of the various woods are given in table 2. It is readily seen that the 
magnitude of the rate of flow' is much less on an average than the 
radial rate of flow' (a comparison is presented in table 3). A number 
of the heartwoods aptieared to be impermeable when jiulged by the 
technique of this investigation. 

The more permeable w oods, w hich generally w ere the sapw oods, w ere 
tested at a pressure of 10 cm of mercury before sjiifting to the high 
pressure. A 15-miniite period wras allowed for the flow' of water to 
manifest itself; if no easily measurable flow' (0.005 cc) occurred within 
that time, the wood was considered to be impermeable by this tech¬ 
nique and at this pressure. Only two w^oods were found through 
which the flow of water w as appreciable—loblolly pine and slash pine 
sapw'oods. Of these two the slash pine was the more permeable and 

C>0528—38-2 
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the avera^. final rate of flow tlirough the sections was 0.003 cc per 
minute. The rate of flow through loblolly pine sapwood at the end of 
1 hour was only 0.0002 cc per minute. 


2.—'Tangential rate of flow of water through thin sections of seasoned wood 
at a pressure of 100 pounds per square inch 
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The plicnoineiion of decreasing rate of flow with increasing time of 
continuous flow and a gratlual approach to ctjuilibrium was likewise 
observed in the tangential flow’^ of liquids through wood. In general, 
the decrease in flow with time was less than was found for radial j)er- 
meability. For most woods the final rate of flow was from one-half 
to three-fourths of the initial rate. In four eases the final rate w^as 
somewhat greater than the initial rate; these were white spruce sap- 
wood and heartw’ood, Douglas fir sapwood, and paper bireh sapwood. 
Black spruce sapwood had about the same initial and final rate-of- 
flow values. The woods in which the final rate was from four-fifths 
to thrce-fiftliS'of the initial rate includes jack pine sapwooik tamarack 
heartwood and sapwood, Douglas fir luwtwood, northern white cedar 
sapwood and heartwooil, white oak sapwood, and loblolly inne sap- 
wood. A final rate of flow^ of about one-half that of the initial flow 
was found with longleaf pine, shortleaf pine, slash pine, and Norway 
pine sapwoods, balsam fir heartwood and sai)W"Ood. In the remain¬ 
ing woods the final permeability was from about one-third to one- 
tenth of the initial value. These woods are: Black spruce heartwood, 
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westori) hoinlock heart wood and sapwood, and eastern hemlock sap- 
wood and heartwood. 

These fractional values are not to be regarded as strictly accurate. 
One j-oason for tliis is that much depends upon obtaining the volume 
of flow during the first few minutes of flow in order that the value may 
truly represent tin* initial rate of flow. With woods of very low per¬ 
meability it was difficult to measure the volume of water coming 
through the section in only 2 or 3 minutes; hence tiie period of a meas¬ 
urement was extended to the time necessary to give a fairly accurate 
volumetric reading. J'he extra few minutes would tend to change 
the value somewhat because the reported value would be a near¬ 
average of the flow during the total lime of the reading during which 
tlie rate of flow is usually simultaneously decTeasing. This correction 
also applies for similar cases in radial flow measurements. 

A sound reason for caution iji any interpretation of a comparison of 
final an<l initial rates of flow is that several of the woods increased in 
})erm(‘ability during tlie first 30 minutes or more before the decrease 
in rate of (low became evident. This group was represented by tama¬ 
rack heartwood, and tlie safiwoods of black spruce, white spiaice, and 
paper birch. Douglas fir sapwood and white spruc.e sapwood were 
!uor(‘ peculiar in tluit sonu' se<’tions immediately increased in a})parent 
pcmneability for a time, (hen decreased. Other sections did not bt'gin 
to (‘onduct licjuid until 1 or 2 hours had elapsed. They then con¬ 
tinued to increase in iiermeability and therel>y offset the deelining 
rate of a few otlier sections. The result was that the reported data 
show minor fluctuations (»r almost constancy over the several intervals 
of time. 

It is not diffi(*ult to i‘stablish comparisons between heartwood and 
'^apwood permeabilities in (he tangential dire(‘tion. Table 2 shows 
that in the heartwood of six species cither no How occurred or only an 
ind<»t(Mniinate amount of water passed through the sections. In 
these woods, tlu'refore, the moderately permeable sapwood was infi- 
nit(*ly more permeable tlian the heartwood. Such was the case for 
jack pine, loblolly pine, longleaf pine, Norway ])ine, paper birch, and 
white oak. In tamarack, eastern hemlock, and Douglas fir the sap- 
wood was about twice as jwmeable as the heartwood, in northern 
white (‘cdar 4 times, in w hite spru(*e times, in black spruce 25 times, 
and in balsam fir 70 times. The one exception w as w'estern hemlock, 
in wiiich the heartwood was twice as permeable as the sapwood. The 
significance of such a small difference is seriously (|uestioned when the 
individual variation, sliowm by the last two columns in table 2, is taken 
into consideration. This qualification also applies to the three woods 
in which the sa])wood was twice as permeable as the heartwood. 

The data in table 2 permit a <lirect comparison of tlie tangential 
permeabilities of the woods. The thickness of the sections is not the 
same for all woods but is not sufficiently different to affect the results 
in a gimeral way. The estimated amount of summerwood in the sec¬ 
tions is, of course, in the same proportion as in the original piece of 
wood because of the radial direction of sectioning* it. 

When the w oods are arrange<I in the order of decreasing permea¬ 
bility and divided into groups the limits of which are arbitrarily fixed 
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by a shift of one decimal place to the first significant number in the 
final rate-of-flow values, the list is as follows: 

Slash pine sapwood_ _ „ . _ . ^ 0.2 cc per uiiuiite. 

Shortleaf pine sapwood_ _ 

Northern white cedar sapwood_. _ . _ 

Loblolly ])inc sapwood... . 

LoriRleaf pine sapwood.. _ _ 

Northern white cedar heartwwd.__ 

Norway pine sapwood _ _ 

Western hemlock heartwood__ . . 

Balsam fir sapwood . .. . . 

Eastern hemlock sapv^ood_ .. 

White oak sapwood_ 

Western hemlock sapwood-, _ 

Eastern hemlock heartw'ood_ _ 

Black sprnee sa]jwood. , 

Jack pine sapw'ood 
Tamarack sapw'ood. . _ 

Paper birch sapw’ood , _ _ - 

Tamarack heartw’ood., . . _ 

Douglas fir sapwH)od_ 

Douglas fir heartwood. . _ _ 

Balsam fir heartwood_ __ 

White spruce heartwood . - . . . . 

Black spruce heartwood-- - . _ _ 

Jack pine lieartwood. . _ . __ _ 

Loblolly xfine heartwood. . 

Longleaf pine heartwood-. 

Norway pine heartwood.. - - . - 

Paper birch heartwood. __ 

White oak heartwood. .. 

The variation between individual sections of a given set of sections 
was considerably less, on an average., for tangential flow than for radial 
flow. The last two columns of table 2 show the maximum and mini¬ 
mum final rates of flow for the sections of a given wood. In six woods 
some sections were apparently impermeable and others of the same 
wood were somewhat permeable. However, as can be seen from 
table 2, these sections were not of a high degree of permeability. 

In tlie sapwoods of nine species the maximuTn values were from 
about one to three times the irpnimiim rates of flow. This represents 
a fair degree of uniformity. In three woods the maximum final value 
was from about 3 to 4 times the'minimum; in three woods it was (> 
times the minimum, and in one wood it was 10 times the minimum 
value. Other woods had zero for a minimum. Tliis greater uni¬ 
formity as compared to the radial flow values was found in both the 
resinous and nonresinous woods. The woo<ls which exhibited the least 
variation were: The sapwoods of northern white cedar, paper birch, 
white oak, jack pine, loblolly pine, Norway pine, black spruce, white 
spruce, and western hemlock. 

In order to, determine whether higher pressure would have a dele¬ 
terious eflTect on the sections, the pressure was increased to 150 pounds 
per square inch on several of the woods after the regular 3-hour run 
at 100 pounds per square inch. In longleaf pine heartwood one sec¬ 
tion showed a flow of 0.006 cc in 30 minutes and the other tliree 
showed no flow. In loblolly pine heartwood only one section showed 
a very small flow of water and the same was true with four sections 
of black spruce. In the latter the same section was the only one 
that permitted flow at both pressures. Two sections each of balsam 
?flr and white spruce heartwoods were tested in the same way. Only 


iHange. 0.09 to O.Ol <*r por niiimlo 


Mtaiigo, 0.009 to 0.001 c*e por luitintt' 


Hangt*. 0.0009 to 0.0001 cc per iiiimite 


>No apparent flow of water. 
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one section of each kind had given a measurable flow at the usual 
pressure, but at 150 pounds per square inch they increased in rate of 
flow from one to two times and the other two then revealed a small 
but definite permeability to water in order of one or two ten-thou¬ 
sandths of a cubic centimeter per minute. This shows that a pressure 
of 100 pounds per square inch probably did not have a harmful effect 
on the sections of wood of the thickness used by causing microscopic 
rupture. 

COMPARISON OF RADIAL AND TANGENTIAL PERMEABILITY 

The data of tables 1 and 2 afford a basis for comparing in a quali¬ 
tative way the radial and tangential permeability of a given wood. 
To enable such a comparison to be made easily^ the essential data 
have been combined in table 3. 

1'able 3. —Companion of radial and tangential rates of flow through thin sections 
of seasoned wood at a pressure of JOO pounds per square inch 

1 Radial | TaiiKeiitial 


Kiiul of wood 


E'^timaU'd j 
j amount of 
J summer- 
! wood 1 


Flow iier 
minute after 
3 hours 


E'^nmated * 
amount of | 
sunimer- | 
wood 1 


Flow- f»er 
minute after 
r> hours 


Jaek pine .srtpwoo<l . 

t.ick pine hoariwocMl. 

LohloUj pinesapwood 

Lohloll> heartw'ood. 

L»)i)gle!if pine sapw ood . . 

Lonirloiif pine heartwood. 

Norwa.s piiiesnpw’ood-,- 

Norway pine heartwood.. 

Shortleaf pine sapwond.. 

Shush pine sapw'ood.. 

Tamarack Mi])wood.. 

Tamarack heartw'ood-_, . . 

Black spruce sapw mid.- . 

Black spruw heartwood. 

White spruce sapwood ... 

While spruw heartwood. 

Eastern hemkick sapwotnL.. 

Kiustern hemUafk heartwood. 

Western hemlock sapwood. 

Western hemlock heartwmid . 

DoiiKlas fir ((H)aKt tyjie) sapwood. 

J >out;das fir (coast tyiie) heartw'ood 

Balsam fir sapw ood. 

Balsam fir heartwood. 

Northern wdiite cedar sapwood.. 
Northern w'hite cedar heartwood . 

Paper birch sapwood. 

Paper birch heartwood .. 

White oak sapwood. 

White oak heartwood. 


i Initial rate of flow’. 



Virctvt 

( 

f 

Ptreeni \ 

f c 


0 

0 

45,5 

2i ' 

0 00245 


50 


415 



f 

() 


iKl 

25 ^ 

0 


:>o 


0211 



' 1 

0 

1 10 

0 

<)(> . 

. 0335 

■ t 

100 

>8 

U} 




0 


2,59 

30 i 

0 

■ ' 1 

50 


0()91 



;/ 

0 

5 

49 

40 

.0176 


100 


90 



j 

40 


00458 

3(1; 

0 


0 


363 

25 1 

00858 

( 

m 


359 

1 



0 


0198 

20 ' 

0 


40 


0021 



/ 

0 

' 15 

0 

40 ' 

0728 

',1 

100 

2.t 

7 




0 

> ?2 

4 

50 ' 

21?3 


300 

1 IS 

4 

’ 


J 


. __ 

_ 

25 1 

00215 

. J 

0 

1 

67 

1 



TO 


tl2 

30 1 

Cr0l34 

. , 

0 

1 

OtMi 

15 ' 

00263 


20 

1 

5<w 

, t 



0 ! 


0143 

j 15 ' 

. 00010 


25 


0086 

1 

1 



:jo 


689 

1 15 ! 

mil 50 


0 


1630 

1 i 

.00011 

I 

30 


0059 



1 

30 


0101 

! 20 ' 

. 00560 


30 


(H)077 

1 20 : 

003 !g 

t 

25 


00561 

15 ! 

. (M)399 


20 


(M)40 

15 ! 

. «K)838 


30 

4, 

50 

30 

00075 

I 

0 


217 

25 

0(X)32 

1 

85 ] 


348 



... 

0 


0173 

15 

.00812 


35 


0177 



1 

'0 

1 

00109 

15 

.tM)012 


30 


0(K>13 



t 

20 


0269 

10 

.0431 

---1 

25 


00098 

10 

. 0113 

...| 

fW 


OOfil 

IK) 

.(M)201 


00 

0 


' 90 

0 

...j 

»0 


0407 

I 70 

0055 


100 

0 


1 

0 














732 Journal of Agr^ultural Research voi sti, No n> 


In the columns under rtidial flow, both the final rate-of-flow values 
of sections containing only sprin|?wood and of sections containing 
summerwood (or springwood and summerwood) are given for the 
woods in which they were measured separately. The ouestion may 
arise as to whether the tangential rate of flow should he cornpaj-ed 
with the springwood value of radial flow for the species or with the 
summerwood value. The connect answer can only be that the presence 
of three types of permeability must be recognized: (1) One involving 
the average of the permeabilities of springwood and suinmcn\oo(l 
acting independently of each other (in tangential flow); (2) one in¬ 
volving only the sprijigwood radial permeability; and (8) one involv¬ 
ing either the summerwood radial permeability alone or tiie resultant 
radial permeability of springwood and summerwood acting together 
in series, depending upon whether or not the section is entirely of 
summerwood. 

In these cases, therefore, tangential rate of flow must be compared 
separately with the springwood and the summerwood radial rates of 
flow. With many woods the results will be about the same, for it ha*^ 
already been pointed out that, in the sapwoods, radial rate of flow 
through the springwood is about the same as that through the summer- 
wood, but in most of the heartwoods this is not true. 

Then there is also the fact that where the tangcTitial permeability is 
compared to the radial permeability of sections containing summer- 
wood, the percentage of summerwood is seldom the same in the two 
types of sections. One cannot say whether a smaller percentage of 
summeiwood in the radial sections (for tangential flow) than in the 
tangential sections favors gi'eater tangential ])ermeability, for thi'- 
depends on the relative ])ermeability of springwood and summerwood 
in the tangential direction, and on this subject no accurate information 
is available. It is evident from the above discussion that many com¬ 
parisons of radial and tangential permeability based on the data of 
table 3 will at best be only approximations because of the variability 
of wood, the lack of average values for some woods, the often different 
amounts of summerwood in the radial and tangential sectiojis, and the 
possible difl’erence between tt\f average thicknesses of any two sets of 
sections under consideration. The last item is probably of minor 
importanee as compare<l with variations in sampling. 

Piobably tlie most obvious conclusion from table 3 is the lower aver¬ 
age value for tangential flow' through the woods as compared t-o the 
average radial value determined merely by inspection. Further 
analysis reveals that this was because of much smaller tangential 
permeability values for the resinous woods. In fact, several of the 
heartw'oods of the resinous woods w^ere apparently impermeable, there¬ 
by exhibiting a sharp contrast to their radial permeability. The 
resinous sapwoods were also much less permeable tangentiaily than 
radially. Tlie nonresinous woods, on the other harul, wore about as 
permeable radially as tangentially on an average. 

Aside from those heartwoods which wore permeable radially but not 
tangentially, most- df the other resinous woods also sliowod very de¬ 
cided differences. Jack pine sapwood was nearly 200 times as 
permeable radially as tangentially, loiigleaf pine sapwood 160 to 310 
times as permeable (basecl on suimnerw^ood and springwood respec¬ 
tively), Norway pine sapwood 40 times, tamarack heartwood 330 to 
1,200 times, black spruce sapw^ood 400 to GOO times, black spruce 
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hoartwood 90 to 440 times, white spniee sapwood 450 times, white 
spruce hearlwood 50 to 1,500 times, Douglas hr sapwood 6,000 times 
and the heart wood about 1,000 times as permeable. 

The diirerences between the rates of flow in the two directions for 
the nonresinoiis woods were not nearly so extreme. Western hemlock 
heartwood and sapwood, balsam fir sapwood, and the sapwocxls of 
eastern hemlock, paper birch, and northern white cedar were as perme¬ 
able radially as tangentially or favored either direction by from one to 
three times. The smaller differences are of doubtful significance. 
White oak sapwood was about seven times as j)ermeable radially aiul 
balsam fir heartwnod springwnod nine times as ])ermeable radially as 
the tangentially. Tlie tangential rate of flow through balsam fir heart- 
wood was the same as the radial rate of flow through the summerwood 
of the heartwood. However, eastern hemlock and northern white 
cedar heartwoods were resj)cetively 4 and 11 times as permeable 
tangentially as radially. 

Even though these ratios are to be considered as approximations, 
they very clearly show the marked difference between radial and 
tangential permeabilities of the woods ])ossessuig resin ducts and the 
relatively small or negligible differences between the two directional 
permeabilities of the woods without resin ducts. 

DISCUSSION 

The results of these investigations represent an attempt to estab¬ 
lish a number of fundamental relationships of wood permeability 
which have hitherto been in controvers}^ or have received little or no 
experimental analysis. In addition, the results have served to verify 
work w'liicli has already been fairly well accepted and at the same time 
to call attention to cases in which the general rule may not hold true. 

There is now little room for (h»ubt that a decrease in permeability 
with increaseil time of continuous flow' is an almost universal j)he- 
nomenon in the flow' of li([uids through wood. The results of this work 
and that of others (5, 12 , 23 ) are evidence for this .statement. The 

number of exceptions to this rule are few. The fact that in some 
cases an increase in rate of flow' is obtaiucil before the decrease begins 
does not invalidate this conclusion, for it means that other factors 
are of greater immediate effect and hence outweigh the tendency to¬ 
ward a decrease in rate of flow. The cause of sucli an increase during 
the first part of the run is not clearly understood. It was reported 
in a j>revious paper (^>) that surface tension effects were of importance 
in certain seasoned woods as determined by the effect (d evacuation 
on several l»eartwoods. All degrees of variation were obtained, 
<lepending upon the kind of wood and its resistance to the flow of w atei’. 
Failure to evacuate the sections sometimes caused the rate of flow' U» 
remain the same for a period of time and sometimes resulted in a tem¬ 
porary increase in rate of flow' over the initial rate, w hich w as generally 
low’d* for the unevacuated sections in such a situation. This was 
ascribed to the surface tension of liquid in the capillary openings. It 
seems reasonable to assume that surface tension might have a similar 
effect on radial and tangential flow’. It has been pointed out by 
IlaAvlcy { 9 ) that although surface tension forces or capillary pressures 
of high magnitude may l>e developed in the small openings of the jut 
membrane they do not assist materially in the flow' of liejmd into wood 
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and may actually letard the rise of liquid in the coarse capillaries of 
the wood. 

Since woods are very resistant radially, and especially tangentially, 
the effective capillaries must be few or small, or both. In the tan¬ 
gential direction, for example, the liquid must traverse 20 to 40 cells 
in passing through a section 1 mm thick. If incniscuses must be 
broken in each encounter with a cell, considerable time may be in¬ 
volved in so doing, for it was noticed with transverse sections that 
much of the air in a section of a moderately resistant wood was not 
forced out immediately. In tangential and radial sections evacuation 
may not be complete in the more resistant woods. If this air w’ere 
trapped in the cell it would undoubtedly cause a meniscus to be 
formed at the openings in contact wdth water and thus block its own 
outward passage and the flow of water as well. In some situations 
the water may, because of its high pressure, dissolve considerable of 
the air and thus free the capillaries. 

If a resistant w’ood is not filled wdth w^ater by the process of evacua¬ 
tion, and this seemed to be the case in many woods, then some time is 
necessary for filling the void volume of the section even though it is 
only about 0.015 cc for the exposed portion of the average section and 
assuming for the moment that no surface-tension effects occur. The 
effective void volume is ]}robably greater than this bec^ause the licjuid 
would also tend to move into portions of the section other than the 
area exposed, particularily longitudinally; consequently the given 
figure might be too small for a resistant wood in which much wo ter 
has not entered even after evacuation. Where the rate of fiow^ is only 
of the order of a few’ ten-thousandths to a few’ thousandths cubi(‘- 
centimeters per minute, this is a real situation and seems to apply to 
tangential flow through very resistant woods. 

In radial permeability there is the possibility that, if flow’ occurs 
through resin ducts, particles of resin may be torn away anti washed 
out with other loose fragments of resin. This would account for some 
sudden increases in flow observed in a few' sections of white and black 
spruce. 

Without further discussion, therefore, it may safely be said that the 
increasing rate of flow’ during'*’ tlie early part of the run that is some¬ 
times noticed in such woods as black spruce and white spruce heart- 
woods or the long-delayed tangential flow in Douglas fir sapwood, is 
due to a number of complicating factors w’hich probably are more or 
less related and often simultaneously effective and which are exceed¬ 
ingly difficult to evaluate. 

The results of a comparison of radial and tangential permeabilities 
of the various w’oods indicate that radial flow occurs either through the 
resin canals or through the wood rays. 

Microscopic examination of wood shows that the radial w^alls of 
tracheids are' profusely supplied with bordered pits, the springw’ood 
cells haying a greater number than the sumrnerwood cells. On the 
tangential walls, pits are essentially absent in the springwood cells, but 
are present in most conifers, though usually few, in the last rows of 
sumrnerwood cells. This may be verified by the literature { 11 ). 

If flow occurs through bordered pits, a greater rate of flow should be 
obtained in the tangential direction because of the large number of 
bordered pits on the radial wall even if a goodly percentage of them 
were aspirated. The data show, however, that this did not occur. 
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In fact, the reverse was true, for the woods with resin canals. Tliere 
is a possibility that the water may follow a roundabout course in 
moving radially through the section by taking advantage of the iin- 
symmetrical arrangement of cells which usually exists to some extent 
in sjiringwood. In this case the water would pass through the radial 
wall into the lumen of an adjacent cell and out through the other side 
of the same radial wall into a third cell whi(‘h, with the first cell, has 
part of its radial wall in contact with the second cell, somewhat in the 
fashion that bricks are laid. This is a possible mechanism because 
most of the woods have a double row of pits either rarely or frequently, 
and in such a situation are likely to have pits on the same wall leading 
to two different cells. 

While tliis mechanism may be a possibility in the springsood, it is 
very unlikely in the summerwood because of the more regular and 
linear order of the cells tangentially, the narrower width radially, and 
fewer pits. Although pits are j)resent in the tangential walls of the 
last few rows of summerwood of conifers, exce})t in the hard pines, 
they probably do not assist in radial flow because there is no apparent 
way by which the li(piid could traverse the entire summerwood or 
pass beyond into springwood cells. Thtui, too, the results are about 
the same for woods with or without tangential pits. Further proof 
that these pits must be of minor importance, if any, lies in the fact 
that in both jack pine sapw’oo<l, a resinous wood, and balsam fir 
sapw'ood, a noiiresinous wood, the springwood and summerwood of 
ea<*h wood were e<tually permeable. If the zigzag or roundabout path 
of flow' were of importance, sjjringwood permeability should have been 
much greater than that of summenvood. Furthermore, tangential 
permeability should have been greater Hum radial perineability be- 
(*ause of the greater number of openings, and the more direct path of 
flow'. Only relatively few' cells are approj)riately arranged for liquid 
movement through the bordered pits in a radial direction. 

It has already been stated that the radial permeability of the non- 
rcvsinoiis woods was not veiy different on an average from the tangential 
fjcrineability. Thus it appears from the above discussion that the 
liquid must flow' through the wood rays in a radial direction and 
through the bordered nits of the radial walls in tangential movement. 

T1h‘ two most probable f)aths of radial flow' in the resinous w oods are 
woodrays and resin canals. The fact that the radial flow' through 
these woods was much greater than the tangeiitial flow', which was 
usually not true of the nonresinotis woods, suggests that the added 
structural feature in the radial direction was chiefly responsible, 
namely, the resin canals. It is true that some of the species, the pines 
in particular, have more ray tracheids than the nonresinous woods 
( 3 ), but the other species of both groups tend to discredit the impor¬ 
tance of these structural features. For example, black spruce, white 
spruce, and Douglas fir all have only one roW’ of marginal ray tracheids, 
yet these woods show great diflerences between radial and tangential 
permeabilities. Eastern hemlock and w estern hemlock also have one 
row of marginal ray tracheids and show' little difhn'ence betw een their 
radial ami tangential permeabilities. The radial rates of flow’^ for the 
sapwoods of the above species l)oth with and without resin canals are 
not even approximately the same, and they should be so if the amount 
of ray tracheid tissue were the important factor, even though allow- 
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ance is made for a variation of 100 percent in the total wood-ray cross- 
sectional area. 

It is interesting to note, however, that there was a certain uni¬ 
formity or agreement in values for radial permeability of the non- 
resinous sapwoods and the sapwoods of white oak ami paper birch. 
The values read as follow^s in cubic centimeters per minute: 0.01, 
0.000, 0.017, 0.000, 0.027, and 0.04. The two lowest values belong to 
w^estern hemlock and })aper birch sapwoods. The tangential per¬ 
meability of paper birch and white oak sapwood was one-thir<l and 
one-seventh, respectively, of the radial values. 

Returning to a consideration of radial fiow^ in the resinous woods, 
it is believed that the explanation offered by other w'oikers best fits 
the experimental data. Tiemann {27) suggested that in the sa[)W^ood 
the resin canals rnay be open or clogged; Weiss {28) and Teesdale {24 ) 
attributed the greater resistance of the heartw-^oods to creosote im¬ 
pregnation to the harder and more insolulde resin in the resin (‘anals 
of the Jieartwood wdiich w^'ould close up the canals more effectively. 
This would explain the large sapwood permeability as compared with 
that of heartwood. The presence of tylosoids in the resin canals of 
the heartw’^ood of some species (Nonvay pine, jack pine, and the four 
southern pines) wwdd also hinder liquid flow^ through the canals if 
one assumes that they are effective in the conduction of licjuid. 

The peculiar variations in rate of flow of some resinous woods, as 
noted in the experimental results, is most easily explained on the basi*^ 
of the eflectiveness of the resin canals. Sudden increases in rate of 
flow might be due to the forcing out of particles of resin adhering to or 
clogging the canal. On the other hand, some |)arti(‘les might be broken 
loose but encounter larger particles and cause a jam with cumulative 
effects unless it were weakened in some wny and flushed out. From 
the variations m rate of flow' obtained in some w'oods, notably white 
spruce, black spruce, tamarack, and Douglas fir, this is a jiossible 
explanation. For one section of white spruce sapwood sunimerwood 
the rate of flow' after 15 minutes w as only 15 percent of the initial flow . 
At 1.5 hours the flow' was 80 percent greater than at 1 hour, and after 
2.5 hours the flow' was again,,the same as at 1.5 hours. Sections of 
Douglas fir heartw ood cut from the same piece were often very differ¬ 
ent in rate of flow', .some showed only a slight permeability initially 
and stopped altogether after 0.5 to 1 hour, anrl others showed rates of 
flow a few tenths of a cubic centimeter or moj*e. 

It is an interesting fact that the.se woods which showed abnormal 
rate-of-flow curves at high pressure did not do so at 10 cm of mercury 
(table I). High pre.ssin’c seemed to bring out more variation and <hs- 
crepancies w'ithin the same section or betw een sections of the same kind 
of wood. 

Although the phenomenon of an increase in rate of flow’ preceding the 
usual decrease with time w as found in tangential flow, it w'us always 
of a smaller or negligible magnitude, more regular, taken section for 
section, and less frequent by species than in radial flow. 

If difference in ‘ rate-of-flow curves for the different sections is 
attributed to surface-tension effects of a water-air system in the wood, 
then the greater and more sudden variations in flow in radial direction 
as compared to the tangential direction again indicate that the capil¬ 
laries are larger radially when freed fronj hindrances to flow' of water, 
and are more easily opened up than the tangential capillaries, which 
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also slioiild mean a hwgcr and more direct capillary. Again, this 
points to resin canals because the flow through resinous woods radially 
was usually much greater than tangentially and greater also than 
radial flow through nonresinous woocls. 

The discussion so far has not taken into account the possible 
permeability of the cell wall itself, exclusive of the pit membranes. 
Ckinsidering the nature of the cell w-all, its submicroscopic and micro¬ 
scopic striKdure, and the fact that the cell-w'all substance in the 
direction across the fiber becomes of considerable thickness even in 
a thin section, it does not seem likely that cell-wall permeability is 
important in these experiments. A number of woods sliow^ed no 
apparent flow^ of water by the methods used. This is evidence that 
the cell wall itself w^as ])ractically ineffective in conducting water as 
measured by this techni(|ue. Stamm (21) from calculations of his 
data found that the pit-membrane pores w^ere far more important as 
a cause of permeability to flow’ under pressure in the three structural 
directions than C(»ll-wall permeability. The hitter was negligible by 
comparison except in extremely resistant woods. 

The idea that resin canals function in the flow’ of licpiid in w'ood is 
not a new’ one. A comprehensive review’ on this topic has been given 
in the review’ of literature. From this scattered and somewdiat con¬ 
tradictory information it is conchuled that with difierent conditions, 
woods, and <lire(‘tion of How, the resin ducts may or may not function. 
The n^sults of creosote impregnatiori tests at high temperature may 
be different than when water, lower temperature, and thin sections 
are used; nor may the results obtained longitudinally be always 
applicable to radial penetration. At any rate there is evitlence in 
the literature that resin canals may transport lujuid radially, although 
there is no proof that they are the sole means of radial movement. 
In this pap(»r the possible mechanism of radial flow’ has been developed 
from more complete data than have hitherto been available and 
without the support of other experimental work, although it is seen 
that several of the ideas are in agreement. 

The disturbing feature to the suggestion that wood rays are effective 
in radial flow’ lies in the counter reports in the literature. Teesdale 
and MacLean ( 24 , 2o) found little or no creosote in the wood rays or 
other w’ood parenchyma of both hardwoods and softwoods. Bailey 
observed no entrance of carbon particles into the wood rays of several 
ccuiifers (2). Stamm {IS), however, noted that the efl’ective area of 
tangential sections of several woods was about the same as that of the 
ray cells, but this can only be considered as indirect evidence of wood- 
niv permeability. Jn a later paper MacLean states that “little 
is known about their influence on penetration," but that in some 
hardwoods wliose vessels are plugged by flit" simple ])its (of 

wood rays and other parenchyma) may aid in penetration. 

Some qualitative evidence that the wood-ray cells are permeable 
was obtained by^ examining the tangential sections of southern pine 
near the edges where they w’ere sealed with paraffin. Under low- 
power magnification the colored paraffin was seen in the wood rays 
apparently in some rows of cells and not in others. A detailed 
examination w’as not possible, but the observation warrants further 
investigation into the problem of wood-ray penetrability. 

Concerning the relative penetrability in three stiuctural directions, 
penetration is considered to be greatest longitiulinally, and radial or 
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tangential precedence is variable. The radial penetration is reported 
by MacLean { 14 ) to be greater in some pines, but the tangential 
penetration in most of the other conifers is usually greater except in 
some resistant species where the difference is small. In the present 
series of experiments, tangential permeability greater than or equal 
to the radial permeability was unusual in resinous woods, but the con¬ 
trary w as fairly common in the nonresinous woods. 

The results of investigations on creosote impregnation of wood by 
Weiss {^8) and Teesdale {24) agree fairly w’^ell in a qualitative way 
wdth the results reported in this paper on the comparison of radial and 
tangential permeabilities. In resinous woods they found greater 
penetration of creosote radially than tangentially and in nonresinous 
woods the penetrations were about equal. Sutherland, Johnston, 
and Maass {23) found about equal permeability radially and tangen¬ 
tially ill seasoned w^hite spruce sapwood. In this work, however, the 
radial flow was over 400 times the tangential flow . The statement 
by Johnston and Maass {12) that jack pine sapwood is of the same 
order of permeability in the three structural directions is undoubtedly 
in error. Their conclusions were based on only one test in each 
direction. 

Several exploratory experiments by Sutherland, Johnston, and 
Maass {23) indicated that in the tw'o species tested the radial and 
tangential rates of flow’^ were from 2 percent to less than J percent of 
the longitudinal rate of flow. Creosote penetration measurements 
{ 24 , 28) are of the order of 10 to 100 times greater pejietration longi¬ 
tudinally than tangentially, with the radial comparison ratio usually 
somewhat less. 

Comparisons of the rate of flow' in the three structural directions 
were not determined directly in the ])resent series of investigations. 
However, a rofigh idea of the relationships may be obtaiiunl if <'ertain 
assumptions are made. Data on longitudinal yiermeability of the 
same species used in this study were obtained in previous studies by 
the present writers {6), By comparing those values with the values 
obtained in this w^ork approximation of ratios may be arrived at. 
The transverse sections were^l cm. The effective thickness, however, 
in sections only a few tracheid lengths in thickness, w ould be less than 
this if it is assumed for all woods that flow’^ is chiefly through the pit 
membranes in transverse sections, because the liquid would pass 
through one-fourth of an open fiber length at each end, on an average 
{20), The number of cell walls traversed would therefore be tlie ac¬ 
tual thickness minus one-half the average fiber length. The average 
length of jack pine tracheids is about 3.5 mm, depending on the age 
of the tree and the height. The effective thickness was therefore 
about 8.3 mm. Let it be assumed that this is the approximate value 
for the other, species also. The effective thickness of the radial and 
tangential sections is essentially the same as the measured thickness 
because of the large number of cells and their small diameters. The 
average thickness for the radial and tangential sections was between 
1.25 mm and 1.3 ntm. Thus the effective transverse section is about 
6.4 times as thick, and this correction must be applied. In doing so 
it is assumed that the rate of flow varies in inverse proportion to 
thickness of the section, which does not seem to be strictly true {23), 
but no correction factor is available. The high pressure used in 
lateral permeability tests was 5 times and 103 times that iised for 
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transverse sections, depending on the kind of wood. In calculating 
to a common pressure basis, 100 pounds per square inch, a direct pro¬ 
portionality is assumed between rate of flow and applied pressure, 
which is not always the case. However, in whit(‘ spruce heartwood 
and sapwood, black spruce heartwood, and Norway pine sapwood it 
has been observed that longitudinal rate of flow increased in direct 
proportion to the pressure applied (4. Hence, the pressure cor¬ 

rection factor should be eliminated in comparisons on these woods. 

On a basis of rate of flow through sections J cm thick and at a pres¬ 
sure of 100 pounds per square inch, the relationships in directional 
permeability of the aforementioned woods are as follows: In white 
spruce sapwood (all woods referred to were seasonerl) the longitudinal 
permeability was about 70 times the radial permeability and 30,000 
times that tangentially; white spruce heartwood was Sob times more 
permeable longitudinally than radially and 50,000 times more perme¬ 
able longitudinally than tangentially. In Norway pine sapwood, 
longitudinal perin<»ability was 2,000 times the radial value and 90,000 
times the tangential value. In black spruce heartwood, longitudinal 
permeability was 110 times the radial permeability ami 9,000 times 
the tangential permeability. In white spruce heartwood, Sutherland, 
Johnston, and Maass [iS, table VII) have shown practically an in¬ 
verse ])roportiouality between longitudinal rate of flow and thickness 
for sections varying about 250 percent in thickness. If the same may 
be assumed for increases in radial and tangential thickness, then the 
values for white spruce heartwood should be valid. 

Buckinan, Schmitz, and (lortner (/J) found a disproportionately 
greater rate of flow' with increased pressure in eastern hemlock heart- 
wood. Their data when plotted to a smooth curve show' that the 
rate of flow' at 100 pounds [)er square inch was about live times greater 
than would be expected if a linear relationshij) existed wdth the origin 
and the flow value at 20 pounds per square inch as the determining 
points for extrapolation. If this is assumed as a rough means of de¬ 
termining the correction to be applied, then approximations on eastern 
hemlock directional permeability may be made. The longitudinal 
])ermeability thus corrected was about 42,000 times the radial per¬ 
meability and 10,000 times the tangential permeability. 

In the above comparisons, if the longitudinal flow' of liquid is as¬ 
sumed to go through the resin canals, w here present, then the effective 
thickness of the tninsveme section is the same as the actual thickness 
(1 cm) and the longitudinal values of the ratios are increased by about 
12 percent. A second consideration is that even if flow' decreases 
faster wdth increasing thickness of the section than in simple propor¬ 
tion, then in adjusting for thickness of thin radial and tangential sec¬ 
tions to a common basis, I cm for example, the corresponding flow 
values would also be decreased in disproportion and w hen comparisons 
are made to longitudinal flow% the directional permeability ratios 
would be even greater than those reported above. 

Somewhat the same argument applies to the pressure adjustments 
from low to high pressure. The rate-of-flow' value's obtained at lower 
pressures and extrapolated linearly to high pressure should be minimum 
values because actually the rate of flow may be greater than a linear 
function of pressure, which would result in higher values than those 
obtained by extrapolation. This would result in greater differences 
between longitudinal and lateral rates of flow values. 
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The date of Buckman, Sclmiitz, and Gortner (5) permit the elimi¬ 
nation of the pressure variable with a few woods. In certain of their 
experiments on longitudinal rate of flow, woods w^ere run to equilibrium 
at a pressure of 100 pounds per square inch. Tliis permits direct com¬ 
parison from the pressure standpoint and leaves only the possible 
error in adiusting for greater thickness of sections winch is not in¬ 
cluded in the comparative results. The thickness of the transverse 
sections in their experiments wras from 1.1 to 1.35 cm. Tlie smaller 
area exposed to the path of flow in their apparatus was corre(;ted for 
in the rate-of-flow values used for the comparisons to be given. 

For the five woods which they used and which were also used in this 
investigation, the directional permeability comparisons are in leason- 
ably good agreement considering the fact that different samples of 
wood were used and that the conditions of the experiment were not 
exactly the same. In the case of balsam fir heartwocd the ratios are 
greater when tlie observed rate of flow' is used than when tlie value 
calculated from the rate of flow at 20 pounds per square inch is used 
and assuming a proportional change in computing the flow at 100 
pounds pressure. The same was true with eastern hemlock heart- 
wood. This undoubtedly w'as due chiefly to the disproportionate' 
increase in rate of flow with increase of j>ressure. The flow was 
measured at the desired pressure in the one case and in the other it 
was computed linearly from a vahie which was actually on a curve 
instead of on a straight line. For Norway pine sapw'ood and white 
syuuee sapw'ood, however, the use of a linear relationship in com¬ 
puting the flow' at high pressure gives fair agiH'ernent with th('ir ob¬ 
served values for longitudinal flow'. This also confirms reports that 
in these woods the rate of flow- varies in direct })roportion to the 
]iressure. 

The ratio ot longitudinal to radial to tangential permeability is 
given in table 4 for a number of woods. In certain of these ratios the 
longitudinal value was calculated by using the data of Buckman, 
Schmitz, and Gortner (6), the rate-of-flow' values of which wcuv 
obtained at 100 pounds ]>er square inch. In the other ratios the 
longitudinal value was calculated from the data of Erickson, Schmitz, 
and Gortner (6‘) which was computed by direct proportion to the 
basis of 100 pounds per square inch. In both mc'tnocls a simple 
inverse ratio between permeability and thickness of the section has, of 
necessity, been assume«l. 

In table 4 if the radial permeability of springwood and summerw ood 
wrere measured separately the smaller value was used for comparison. 
The ratios given are only approximations in round numbers. In 
most instances the ratios for the sapwoods are considerably greater 
than those for the heartw'oods except in those woods that decrease in 
permeability, from seasoning. The effective thickness of the trans¬ 
verse sections of conifers was considered to be the aetual thickness 
minus 0.17 cm for the sake of uniformity and because it is not definitely 
known whether loTj^tudinal flow indticed by pressure occurs chiefly 
through resin canals when they are present." In the two hardwoods 
the actual thickness w'as used. For reasons pointed out previouslyt 
some of the longitudinal values of the ratios are probably too smalL 
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Table 4.~ -Hatio of longitudinal to radial to tangential permeability for woods of 

several species 
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Loujiitudinal \jiiueof ratio ealcnlafed iivme data of Buckinan, Schiiiit;, and tiortner (.7). rate-of flcu 
\ aliie> iff which were ohtaiiied at 1(K) |u)uiid‘> i*cr Miuare inch. 


Boraih^e of tlio variety of eonditions under which other data have 
obtained, namely, ditferent thieknes.ses of test specimens, ditferent 
jiressnres, pndreatments, temperatures, liquids, and time, it seems 
futile to attem|)t critical and detailed comparisons of sprinji^wood and 
>ummer\Nood permeabilities and of heart wood and sapwood perme¬ 
abilities. The conclusion that in most (‘onifers summerwood is more 
permeable than sprinpjw ood (whether longitudinal, radial, or tangential 
is often not specitied) is shared by Weiss Teesdale (24), Scarth 
i lfi), MacJ^uui {J4), Bailey (i), and GrilTin (7, S) from their investiga¬ 
tions on one or more woods. This generalization does not find much 
support from tlie data of these experiments on radial permeabilitv. 
Tin* results of Buckman's experiments (4) on creosote distribution m 
^oulh(‘rn pine sapwood appear to be in somewhat better agreement 
with these data than do those of the above-mentioned experiments. 
The (‘onsiilerably greater longitudinal permeability of the springwood 
as com])ared to the summerwood as found by Erickson, vScdimitz, and 
tlortner in two soutliern pine sapwoods does not seem to hold true 
in the radial direction. Kadially, there was little difference in rate of 
flow' between springwood and summerwood of the southern pine sap- 
woods. The (lirection of flow% therefore, appeal's to affect the rela¬ 
tionship of springwood and summerwood permeability. 

No information was obtained, by the technique employed, on the 
relative })ermeability of springwood and summerwood in the tangen¬ 
tial direction. It would seem that there must be radial movement 
for penetration but that ease of tangential flow" would insure better 
ilistribution of the fluid if the radial movement tended to be erratic 
or localized. 

The greater radial permeability of the sapwood as compared to that 
of the lieartwood in the resinous woods is in accordance with the 
results of investigations by Weiss and Teesdale (24) creosote 
penetration. Teesdale found no difference in absorption or penetra¬ 
tion betw-een the heartw ood and sapwood of eastern and western hem- 
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lock. In this investigation western hemlock was about as permeable 
(radially) in the heartwood as in the sapwood, but the heartwoods of 
eastern hemlock, balsam fir, and northern white cedar were from less 
than one-tenth to less than one-thousandth as permeable as the cor¬ 
responding sapwood s. The low value for northern white cedar heart- 
wood may be explained on the basis of the infiltrated substances bitt 
there seems to be no satisfactory explanation of the differences in the 
other species unless it is that the process of heartwood formation afrect> 
the permeability of some species more than others. 

The sapwoods of white oak and paper birch were both permeable 
at high pressure. Teesdale and MacLean {25) also report that the 
sapwoods of hardwoods are fairly amenable to preservative treatment 
even in species in which the heartwood is difficult to treat. White 
oak is one of this group. Though the ease of preservative treatment 
may be due somewhat to the open vessels in the sapwood of the hard¬ 
woods, this cannot be the case in these investigations because of the 
method of preparing the sections; hence, the flow obtained was truly 
radial flow. 

During the investigations with black s])ruce, white spruce, and 
balsam fir erratic results were occasionally obtained when sections cut 
from near the border line of heartwood and sapwoofl were used in 
permeability tests. A section which was sapwood according to the 
moisture line gave about the same permeability as the heartwood sec¬ 
tions of the same species. The same situation wos sometimes true for 
heartwood sections cut within several rings of the border line as deter¬ 
mined by the moisture content in the green wood The border-line 
zone was therefore avoided in cutting out sections lor permealnlity 
tests in all species. 

It is fully realized that imperfections in the sections, either due to 
inherent defects in the wood or to improper sawing of the section, 
would influence the results to a greater or lesser extent. Only wood 
free from defects such as small knots, compression wood, traumati<' 
canals, etc., was used. In a few^ w’oods the grain was so irregular 
and wavy or the wood rays so curving that perfect sections were prac¬ 
tically impossible to obtain irom the blocks. This trouble was en¬ 
countered more often with the radial than with the tangential se(^- 
tions. However, so far as could bo discerned by comparisons with 
other sections, the error involved is not serious, particularly from a 
qualitative standpoint. It is not denied, however, that it may have 
made the difference between a measurable flow and no flow at all in 
a few sections in several woods whose radial permeability was very 
much greater than their tangential penneability as, for example. 
Douglas fir. 

On an average, there was less variation between sections in tangen¬ 
tial flow than in sections on which radial flow' was measured. This 
may be explained thus: In radial flow only a fraction of a ring to 
several rings, depending on the width of the annual rings, is measured 
in any one section. Usually it was one ring or less. Hence, the per¬ 
meability of four annual rings, let us say, would be measured sep¬ 
arately. In tangential flow, however, sev^eral rings are included in a 
section because the plane of the section is at right angles to the 
rings. The flow obtained, therefore, would be the combined flow 
through several rings. Hence a more average value would be ex¬ 
pected than in the case of radial flow. This consideration is exclusive 
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of the elfect that resin canals in resinous woods may have on per¬ 
meability. 

The thickness of the sections for the same or for different species 
was not always tiie same but in most sections did not go outside the 
limits of 1.2 to 1.35 mm and was usually near the average of these 
limits. No consistent correlation of rate of flow with small difl’erences 
in thickness was evident. A test run on a set of tangential sections of 
birch sapwood (which normally seemed to be quite uniform in per¬ 
meability) of different thicknesses showed that differences of about 
one-fourtli did not make a serious difference in flow in such a small 
sample. It may be assumed, therefore, that the errors due to differ¬ 
ences in thickness of the sections are less than the variations due to 
sampling even in the same piece of wood. 

SUMMARY AND CONCLUSIONS 

The radial ami tangential permeability to water of 16 species of 
wood in the seasoned state have been determined. Heartwood, sap- 
wood, springwood, and summerwood were studied when conditions 
permitted it. Most of the sections were 1.25 to 1.30 mm thick. 

Most of the sapwoods of the resinous species were api)reciably 
permeable radially at a pressure of 10 cm of mercury. In general, this 
was not true of the nonresinous woods. 

Nearly all woods, whether heartwood or sapwood, were permeable 
radially at 100 pounds per stjuare inch. The resinous sapwoods were 
much more penneable and showed greater variation than the non¬ 
resinous sapwoods. 

Sapw ood was more permeable radially than the heartw'ood of the same 
species, except in rare eases. The range of their ratios was very w ide. 

Summerwood w’as almost as permeable us springw-ood in the radial 
<lirection at high pressure in the sapwood of the species tested in this 
wav. In the heartwood, springwood permeability was usually greater. 

The woods have been grou[)ed on the basis of their magnitude of 
radial permeability to water at high pressure. A similar arrangement 
has been made on the basis of tangential permeability of the woods. 

The tangential ponneability of resinous woods both in the heart- 
wood and in the sapw ood was very much less than the radial perme¬ 
ability. 

Some heartwoods, including four pines and two hardwoods, were 
practically impermeable tangentially when judged by the methods 
employed. 

The differences between radial and tangential permeability in non¬ 
resinous woods were usually small or of questionable significance. 

Several species were about as permeable tangentially in the heart- 
wood as in the sapwood. Other species were definitely more perme¬ 
able in the sapwood and to a varying degree. 

From a consideration of the experimental data and the structural 
features of wood, tlic radial flow through the sections of resinous sap- 
wood apparently w^as chiefly through the resin canals. Radial flow’ 
through the resinous heartwood sections may haVe been assisted by 
the resin canals or the w’ood rays, or both. 

The uniformity of radial rates of flow of the nonresinous sapwoods, 
their lower values as compared to the resinous sapwoods, and other 
considerations suggest that the wood rays are important paths of 

69528—38-3 
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radial flow in these sapwoods. Among the heartwoods, the perme¬ 
abilities were very different, probably due to differences in the transi¬ 
tion to heartwooc^. 

In general, the rate of flow decreased with increasing time of con¬ 
tinuous flow and approached equilibrium. In some cases a short 
period of increasing rate of flow preceded the decrease. In rare 
instance's the rate of flow increased somewhat even in the later periods 
of flow. 

Factors such as the surface tension in the capillaries, the void volume 
of the section, the presence of air in the wood, and the condition of the 
resin canals may have been responsible singly or collectively for some 
of the observed variations in flow. 

The ratios of the permeabilities in the three structural directions are 
given for a number of woods. When rate-of-flow values were calcu¬ 
lated to a standard basis, longitudinal permeability was usually 
thousands of times greater than lateral permeability. 
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A STREAK DISEASE OF PEAS AND ITS RELATION TO 
SEVERAL STRAINS OF ALFALFA MOSAIC VIRUS ^ 

By W. J. Zaumeyer 2 

Patholngisty Dwiswn of Fruit and Vegetable Cropa and Diseases^ Bureau of Plant 
Jndustrgf United States Department of Agriculture 

INTRODUCTION 

A virus disease of peas {Pisum satimim L.), manifested by a streak¬ 
ing of the stems and leaves and a s[)otting of tlie pods, was observed 
under greenhouse conditions at the Arlington Experiment Farm, 
Arlington, Va., in the fall and winter of 1984. The disease in general 
res€Mnbles the streak disease deseribe<l by Linford/'^ in 1929, as occur¬ 
ring in pea fields throughout the Imited States, and the spotted wdlt 
of peas recently described by Whipple (17)} The viruses of alfalfa 
mosai<‘ likewise produce on peas and other hosts, symptoms that are 
souKwvhat similar to those produced by the pea streak virus. In the 
early stages of these investigations it was reported by Zaumeyer and 
Wade (21) that the pen streak disea.se was caused by an alfalfa mosaic 
virus. This assum])tion w’as based on the similarity" of symptoms 
produced by the ])ea streak virus anti the alfalfa mosaic viruses on a 
numbtu’ of hosts. Sin(‘e that time it has been proved by Zaumeyer 
(IS) that the pea streak virus is dilferent from the alfalfa viruses 
reported here. It is likely, htnvever, that these viruses may be related. 
This paper reports the results of a stiuly of three strains of the alfalfa 
mosaic virus in comparison with tlie pea streak virus. Data are also 
present(‘d on the differentiation and identification of these viruses. 

HISTORY 

Th(» origin of the pea streak disease herein reported is not definitely 
known. In a propovsed study of resistance and susceptibility of peas 
to a virus of red clover (Tr I fop urn 'praten.se L.), a number of pea 
varieties w ere planted in greenhouse Wnebes. Windsor broadbeans 
{Vicia faha L.) were planted every fifth nnv and later were inoculated 
with a virus from red clover collected at Arlington. After the mosaic 
symptoms appeared on U. faba^ large numbers of the pea aphid, 
tUinoki plsi (Kalt.), w"hich had been reared on healthy V. faba plants 
for several weeks in cages, were released in the greenhouse by being 
placed on V. faba plants that were growing in tlie greenhouse benches 
and w"ere infected with the red clover mosaic virus. The aphids 
later migrated or w"ere artificially transferred to the peas growing in 
adjacent rows. The pea aphids used W'ere originally collected from 
apparently liealthy alfalfa plants growing in the field near Arlington. 

About 3 wrecks after the release of the aphids, spots resembling 

1 f<»r puhliVation Autrust 31. 1037; issued June 1038 
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those produced by Alternaria sp. appeare<l on the leaves of the Vicia 
faba plants, ^1ioroscopic and culUiral studies proved that these 
lesions were not produced by funp:i or bacteria. These spots were 
followed by a streaking of the stems and petioles, defoliation, and 
finally by the deatli of many plants. Somewhat similar symptoms 
appeare(i on the peas, and within a short })eriod the disease became 
widespread throughout the peas and Windsor broadbeans growing iti 
the greenhouse. 

After inoculation with the vims from red clover and before release 
of the aphids to them, only the typical mottling appeared on tin 
inoculated Vicia faha plants. Since the streak disease first appeared 
on the V. jaha plants about 3 weeks after the release of the aphids, 
it was assumed that the virus may have originated from infective 
aphids. Freezing outdoor temperatures at that time made itJm])os- 
sible to determine wliether the alfalfa plants where the aphids were 
collected were the source of the disease. In the spring of 1935, how¬ 
ever, it w^as found that a high percentage of the alfalia plants in the 
field were infected w'ith mosaic. 

Collections of mosaic-infected alfalfa plants w’^ere made both at 
Arlington, Va., and in Colorado. Inoculations wdth the viruses of 
the mosaic-infected plants showed that two viruses were present in 
the material from Virginia and that both were different from the 
virus collected in Colorado. The three viruses, wiuui inoculated to 
Vicia iabay produced symptoms somewhat similar to the ])ea streak 
vims. On peas the symptoms of one of the alfalfa viruses show'ed 
marked sunilarities to the pea streak virus. 

Notwithstanding this similarity in symptoms, the pen streak virus 
differs distinctly from the alfalfa viruses. Since it has be(‘U impossible 
to isolate the pea streak virus from later collections of mosaic-infected 
clover materiaf; it is believed that the virus may have originated from 
infected alfalfa plants and may have been transmitted to jx^as and 
Windsor broadbeans by the pea aphid. 

EARLIER INVESTIGATIONS 

Linford,® in 1928, described»a streak disease of peas that he found in 
pea fields from the Atlantic coast west to Utah and Montana. He {5) 
later found that Thrips tabarl Liiid., if transferred to peas after having 
fed on infected Emilia sapitiata (Vahl) DC., produ(‘ed symptoms 
identical with tin* earlier recorded pea streak. Likewise thrips reared 
on infected pea plants transmitted the disease to peas as well as to 
pineapple, producing the ty])ical yellow’ spot disease. 

Weimer (15,10) reported on the transmissibility of an alfalfa mosaic 
but re<‘orded no cross-inoculation studies. Zaumeyer and Wade 
(19, 20) showed that the alfalfa virus of Weimer, as well as an alfalfa 
virus collected in Virginia, w as infectious to beaus and other legumes. 
Pierce (S) also described an alfalfa mosaic that was infectious to bean, 
pea, Vicia faba, and other leguminous hosts. 

Zaumeyer and Wade (19,22) and later Pierce (7) show-ed that the 
viruses of sw^eetclovfir and wdiite clover cause streak symptoms on pea. 

Pierce (7) also reported a broadbean local-lesion virus that pro¬ 
duced streak symptoms on peas, especially when in combination with 
other viruses. Tlic relation of this virus to Linfordpea streak virus 
was not showm. 


* LiNifoUD, MtDBirK B. See footnote 3. 
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Whipple {17) recently reported a pea streak as being caused by the 
spotted wilt virus. Ills investigations showed that this disease was 
very similar to Linford^s pea streak and pineapple vellow spot virus 
{ 5 ^ 6 ), 

wSnyder and Thomas {12) showed that the spotted wdlt virus was 
infectious to sweet peas and producetl a streaking of the stems. 
Stubbs {IS) produced a similar symptom on garden peas with the 
tobacco ring spot virus. 

MATERIALS AND METHODS 

VIRUSES 

Pea streak virus / This virus was obtained from garden pea plants 
grown at Arlington, Va., in 1934. As mentioned previously, the 
clisease appeared after pea aphids collected from alfalfa plants growing 
under field conditions w^ere released in the greenhouse. This virus, 
when inoculated into pea and Vieiajaha, produced a decided streaking 
of the stem, petioles, and leaf veins. Since the pea streak virus 
<lescril)ed by Linford does not appear to be a characteristic legume 
virus, the virus described in this paper is ilesignated as pea streak 
virus 1, 

Alfalfa mosaic virus /- -Viruses from three alfalfa mosaics were used 
in these studies; two were collected from mosai<‘-infected plants grown 
at Arlington, Va., and one from northeastern Colorado. One of the 
viruses secured in Virginia w^as apparently identical with the alfalfa 
virus described by Weirner (/6‘), Fierce {8), and Za\imeyer and Wade 
{20). Pierce (cS’) was of the opinion that the alfalfa virus described 
by Weirner (/6') and designated as alfalfa virus 1 w as not identical wdth 
the virus described by him from the same host, which he listed as 
alfalfa virus 2. Subsec|uent studies by the writer suggest that these 
tw'o viruses are identical. This virus will be discussed herein as alfalfa 
mosaic virus 1. 

Alfalfa mosaic virus /.I.-- The alfalfa virus collected from north¬ 
eastern Colorado reacted similarly to alfalfa mosaic virus 1. Its 
specificity w as establishetl by the fact that it produced severer symp¬ 
toms on peas and on Vicia faha than alfalfa mosaic virus I, and by 
differences in host range and properties. The evidence presented in 
this paper indicates that this virus is a strain of alfalfa mosaic virus 
1; it IS designated here as alfalfa mosaic virus 1 A. 

uMfalfa mosaic virus \B.- The third alfalfa mosaic virus was 
separated from material containing alfalfa mosaic virus 1. When 
a large* number of pea plants of the IVrfection variety w ere inoculated 
with alfalfa mosaic virus 1 all the plants except one manifested the 
typical mild mottling produced b 3 ’^ alfalfa mosah* virus 1. This plant 
show^ed decidedl}’^ more extreme symptoms than the others, indk'ating 
a virus distinct from alfalfa mosaic virus 1. Symptomatolog 3 ^ host 
range, and properties in vitro showed the virus to be different from 
botn alfalfa mosaic viruses 1 and lA. This third virus is designated 
as alfalfa mosaic virus IB. 

METHODS 

The experimental work w as conducted in the greenhouse at approxi¬ 
mately 14° to 21° C. when peas were inoculated and at 20° to 25° 
when beans were inoculated. The inoculum was secured from either 
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young infected peas or Vida jaba plants. Viruses from both hosts 
gave identical results. The virus extracts were prepared in the usual 
manner, by macerating diseased tissue in a sterile mortar and straining 
the juice. The solid residue was placed in cheesecloth and used as an 
inoculating pad. Leaflets of young plants were dusted with carbo¬ 
rundum powder and rubbed with the pad saturated in the expressed 
mosaic-infected juice. 

The methods used in the studies on thermal inactivation and on 
dilution were similar to those described by Johnson and Grant W). 
The aging tests were made by storing the juice of infected plants in 
stoppered flasks in a darkened, constant-temperature chamber at 18° 
C. Inoculations were made at the desired intervals in the usual 
manner. 

HOSTS 

The principal hosts used in the differential studies of the viruses 
were garden peas, Vida jaba^ and beans. Since certain pea varieties 
show more extreme symptoms than others when inoculated with the 
several viruses, a few were selected as test varieties. These were a 
variety known as Capueijner, which is an edible-pod pea grown widely 
in the Netherlands; Mammoth Melting Sugar, another edible-pod 
variety; and Dwarf Telephone. The bean varieties used w^ere String¬ 
less Green Refugee, Corbett Refugee, Robust, and Great Northern 
U. I. No. 1. Other leguminous hosts used are mentioned in a hi ter 
section. 

EXPERIMENTAL RESULTS 

The four viruses discussed in this paper are differentiated by (I) the 
symptoms they produce on peas and other hosts, (2) varietal dif¬ 
ferences in susceptibility of peas and beans, (3) host range, and (4) 
certain properties of the viruses in vitro. 

SYMPTOMS 

Pea Streak Virus 1 on Pea 

The first symptom produced on pea plants by pea streak virus 1 
is a slight purpling and strealdng of the stem and the low^er portion 
of the stipule (fig. 1, E). Later the stipules recurve, the leaflets 
tend to curl downward and to become distorted and twisted, and the 
veins are decidedly pronounced (R, ¥, //). The tendrils become 
gnarled and twisted. Mottling does not occur on the young leaves, 
but frequently a clearing of the veins and a slight chlorosis is notice¬ 
able. The internodes in the apical portion of the plant are short¬ 
ened and the leaves, which are smaller than usual, do not unfold 
normally but show a rosetted condition (/)). The streaking of the 
stems becomes more intense and later takes on a brownish discolora¬ 
tion, which may extend from the top to the bottom of the plant. 
The phloem tissue becomes necrotic an<l discolored. This discolora¬ 
tion may also involve the petioles and main veins of the leaflets. 
The leaves finally become flaccid, the tip of the plant begins to wilt 
(/), and the plant ultimately dies. It is believed that death is diie 
aot to the virus alone but to soil fungi that attack the plant after it 
becomes weakened by the virus. In some cases only the tip dies, 
the rest of the plant remaining chlorotic (/). 
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Fk»itre i. Symptoms producedi l)> pea streak \irus 1 on se^ eral pea \Hrieties A, C, Fitting and spotting 
of Woild Reconl iiea pods, B, K. <im^nward ruihng of leaflets and streaking of jietioles of Oioen Omni 
i>, terminal rosette and leaf malformation of Ureen Giant, /, infeeted (''apucijner, G, healthj pcwl ol 
World Record, H, stem streak and leitf eurl of CapucMjner, J, terminal killing of Admiral. 
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It frequently happens that a plant infecttHl when young dies before 
attaining much gi*owth. If it does not die, it is usually decidedly 
stunted, the leaves become curled and twisted and the veins very 
pronounced. Such plants are generally very brittle and when removed 
from the soil do not wilt as readily as do healthy plants. 

Infected plants sometimes produce axillary buds, which usually die 
before much growth develops. When the virus is sprea<l by aphids 
the symptoms first appear near the apical portion of the plant, but 
when the plants are artificially inoculated the symptoms are noted 
just above the point of inoculation. 

The pods that are formed before the plant becomes seriously infected 
take on a dark purplish-gray or brown color over a considerable por¬ 
tion of their STirface, but especially along the region of the dorsal 
suture. They may also be spotted, pitted, and decidedly malformed, 
and frequently do not reach maturity (fig. 1, A and C), Seeds from 
infected pods generally are small and shriveled. 

Alfalfa Mosaic Virtjse.s ox Alfalfa 

The symptoms of alfalfa mosaic viruses 1, lA, and IB on alfalfa 
are identical (fig. 2, R). The mosaic is first noted as small, light- 
greenish or light-yellow areas between or along the veins. Later 
these chlorotic regions enlarge ami become increasingly more yellow 
in color. Distortion of infected leaves is not uncommon. At high 
temperatures the symptoms are commonly masked and diseased plants 
appear normal. The symptpms are most pronounced in the spring 
and early fall. 

Alfalfa Mosaic Virus 1 ox Pea 

The symptoms produced on pea plants by alfalfa mosaii' virus 1 
appear in about 8 days after inoculation at 70° to 75° F. At lower 
temperatures that are more favorable for pea growth they clo not 
<levelop so quickly and may require 10 to 15 days. 

The first apparent symptom is a slight mottling that starts as small, 
chlorotic areas on the leaves above the point of inoculation. On some 
varieties these chlorotic areaK may be very indistinct, while on others 
they may be more clearly defined. This mild chlorosis gradually 
becomes a mild mottling, light-green areas without ])attern being 
found throughout the leaf. The leaves are not yellowed, the stems 
are not discolored as with pea streak virus 1, and the plant's are not 
stunted. In general the symptoms produced by this virus are very 
mild on peas (fig. 2, and J), 

Alfalfa Mosaic Virus 1.4 ox Pea 

The symptoms of alfalfa mosaic virus lA on peas appear in about 
the same length of time as those produced by alfalfa mosaic virus 1 
but are much more pronounced than the latter. In addition to the 
mottling, wliich is quite pronounced (fig. 2, / and i), considerable leaf 
necrosis occurs. Infected leaves are slightly bronzed and frequently 
die. The stems appear purple but less strikingly so than in plants 
infected with pea streak virus 1. On the Dwarf Telephone variety, 
the symptoms of alfalfa mosaic virus lA are very striking. The 
stunting of infected plants is possibly the most conspicuous symptom. 
The leaves are crinkled, the intemodes are decidedly shortened, and 



Fu.itre 2 SyraoUiins produced hv the alfaUa niowiic Miuhes on aifaUa aud iwa ^1, Health> leaflets of 
Cttpucijner pea B, iii(isttic-infecto<i alfalfa. C, F, K, sjniptom \anatu>ws produced tw alfalfa 
virus in on C’apucljner iwa, D, healthy }H>d of World Uncord lasa, F, pml of oiUi Kecord iK‘a infect^ 
\Mtli alfalfa mosaic virus lA, O, J, leaflets of Capucijner and tlreen (naiu i)ea. tespeclnelj, infwled ^^lth 
alfalfa mosaw virus 1. //, Dwarf 'Pelephone pea nifeciod with alfalfa uiosau virus lU. /. L, t apiinjner 
anil (Ircon Cllarit |)ea, respect i\el\, infected with alfalfa mosaic virus IA 
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the stem is discolored. On the under side of the leaves the veins and 
veinlets are brownish and appear water-soaked. The brownish color 
is also noticeable on the upper side of the leaflets, more or less along 
the veins and veinlets. A purplish discoloration occurs at the base 
of the leaflets and stipules. 

A plant infected when young becomes very bunchy and never grows 
to more than one-fourth normal size. The uppermost leaves curl or 
roll inward, and are wavy along the edges, crinkled, and slightly chlo¬ 
rotic. In some cases, the mid vein of older leaves is depressed, with 
an arching of the lamina. The vascular system of infected plants is 
necrotic. 

Infected pods in some cases show a slight to severe dark necrotic* 
discoloration. They are frequently spotted, pitted, and malformed 
(fig. 2, f'). 

Alfalfa Mosaic V'irus IB on Pea 

The symptoms of alfalfa mosaic virus IB on peas appear in about 
8 days, the same length of time after inoculation as those produced 
by alfalfa mosaic viruses 1 and lA. The inoculated leaves of sus¬ 
ceptible varieties frequently die. Spotting of the remaining leaves 
follows, the spots usually appearing at the second node above the 
point of inoculation. Small brown spots appear first on the under 
side of the stipules and leaflets (fig. 2, Jv), but later are ([uite pro¬ 
nounced on the entire upper side of the leaflets. Later these spots 
become necrotic, and an infected stipule or leaflet nuiy he killed. 
As in plants infected with pea streak virus 1, tin* stipules recurve and 
the leaflets tend to curl downward and become distorted (K). The 
stems become streaked (E)^ but the streaks are short, neither so con¬ 
tinuous nor so intense in color as those produced by pea streak virus 1. 
When the infection is serious, alfalfa mosaic virus IB stunts the plant 
to about the same degree as does pea streak virus 1. Tlie symptoms 
produced by alfalfa mosaic virus IB differ from those by ])ea streak 
virus 1, in (1) a pronounced spotting of the leaves and petioles, (2) 
less streaking of the stem and petioles, and (8) less downward curling 
and malformation of the leaflets. 

In addition to the foregoing symptoms, the leaves of certain varieties 
are mottled quite intensely with large light-green areas between the 
veins (fig. 2, (J), Such leaves are frequently crinkled and malformed. 
In general, the mottling is more intense on plants infected with alfalfa 
mosaic virus IB than on those infected with alfalfa mosaic viruses 1 
and lA, On Dwarf Telephone peas, alfalfa mosaic virus IB does not 
produce such pronounced symptoms and does not stunt the jilants 
so much as does alfalfa mosaic virus lA. 

RESISTANCE AND SUSCEPTIBILITY OF HOSTS 
Pear 

A relatively small number of pea varieties were inoculated with the 
viruses herein reported except in the case of pea streak virus 1, with 
which more than 4\) varieties were tested. This paper records the 
results from only those varieties that were tested with the four viruses, 
the object being to show diflerencea in the reaction of the several 
viruses as a means of differentiating them. 

Seventeen varieties of peas were inoculated with the four viruses 
under greenhouse conditions (table 1). The seeds were planted in 



May 16, 1938 


A Streak Disease oj Peas 


755 


benches, and the plants were inoculated in the usual manner, car¬ 
borundum powder being used on the surface of the leaves, which 
were then rubbed with a cheesecloth pad saturated with an undiluted 
extract from plants infected with the several viruses. 

Table 1 shows that all varieties were susceptible to pea streak 
virus I, Thus far no variety tested, including many not reported 
herein, has shown immunity to this virus. In most cases 100 percent 
of the plants were infected, although a number of varieties showed 
moderate symptoms. Alderman and Green Arlmiral alone mani¬ 
fested mild symptoms. 

Alfalfa mosaic virus 1 caused mild symptoms on all varieties except 
Horal, which was immune. The symptoms on Little Marvel were 
slightly more pronounced than those on any of the other varieties. 
Although a high percentage of the plants became infected, the percent¬ 
age was not (|uite so high as with pea streak virus 1. 

Alfalfa mosaic virus lA likewise infected all varieties except Horal. 
The infection in general was more severe with this virus than witli 
alfalfa mosaic virus 1. Of the 10 susceptible varieties, 3 showed 
severe, 8 moderate, and 5 mild .symptoms. Tliree varieties, Aider- 
man, Green Admiral, and Surprise, in addition to manifesting mild 
.symptoms, .showed a lower percentage of infection than any of the 
others. 

T MU.K 1.- Su,9reptihility and resistance of several pea varieties to pea streak virus 1 
and alfalfa 7nosa%r viruses /, 1 A, n^td 1H 

I 
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Horal was the only variety not susceptible to alfalfa mosaic virus 
IB. In this respect"alfalfa mosaic virus IB reacts in the same way 
as alfalfa mosaic viruses 1 and lA. The percentage of plants infected 
by alfalfa mosaic virus IB w^as about equal to that infected by alfalfa 
















756 Journal of Agricultural Research voi se, No. lo 


mosaic virus 1, but greater than that infected by alfalfa mosaic virus 
lA. The symptoms produced on most varieties of peas by alfalfa 
mosaic virus IB were more severe than those produced by the other 
two strains of alfalfa mosaic virus. Nine varieties showed severe 
symptoms, six moderate symptoms, and only one, Laxton Progress, 
mild symptoms. 

Although in general the symptoms produced by alfalfa mosaic virus 
IB were severer than tliose produced by alfalfa mosaic viruses ] and 
lA, there were a few exceptions. These seem to be significant in 
that they afford further aid in distinguishing the alfalfa mosaic viruses. 

It was pointed out elsewhere that the Uwarf Telei)hone variety 
exhibited the severest symptoms when inoculated with alfalfa mosaic 
virus lA; these are a tlecided stunting of the ])lant and an intense 
mottling followed by a crinkling of the leaves. Alfalfa mosaic virus 1 
produces a very mild mottling and no stunting; in these respects 
alfalfa mosaic virus IB is similar to alfalfa mosaic virus 1, but in 
addition the former causes a leaf sfmtting and a slight streaking of 
the stems. 

On Laxton Prop’ess, alfalfa mosaic virus 1A produced the severest 
leaf mottling, while alfalfa mosaic viruses 1 and IB produced a mild 
mottling of about equal intensity. 

On Little Marvel, alfalfa mosaic virus IB produced the strong(‘st 
leaf mottling of any of the viruses, followed next l\\ alfalfa mosaic 
virus 1; alfalfa mosaic virus lA produced the mildest mottling. The 
last mentioned virus, however, stunted the plants more severely than 
did the other two. 

Beans 

The beau varieties tested with the four viruses were Stringless 
Green Refuged, Corbett Refugee, Robust, and Great Northern V, 1. 
No. 1 (table2). All of these varieties, exceptvStringless Green Refugee, 
are resistant to the common bean mosaic virus. Twenty plants of 
each variety were inoculated with the pea stieak virus and tfiree lots, 
of ]() plants each, of each variety were inoculated with the three 
alfalfa mosaic viruses, respe(jtively. The inoculations were made by 
lightly ru])bing the leaves with an undiluted extract of the viruses. 
Carborundum powder was appHed only with the pea streak virus. 
Sin(‘n the alfalfa mosaic vinises jiroduce local necrotic lesions on 
beans (fig. 3, T> and K), the lesions on 20 inoculated leayes were 
counted to determine the degree of susceptibility. Where the lesions 
wx^re very numerous, as in the case of Stringless Green Refugee, the 
number was estimated. 

None of the four varieties was infected by pea streak virus 1. 
Alfalfa mosaic vmuses 1, lA, and IB were infectious to all of the 
varieties (table 2). Stringless Green Refugee w^as the most susceptible 
to the three alfalfa mosaic viruses, as detennined bv the total number 
of local lesions produced; Great Northern U. I. No. 1 was next in 
susceptibility; Corbett Refugee and Robust showed about the same 
reaction. Alfalfa n>osaic vims IB produced fewer lesions on String¬ 
less Green Refugee but a greater number of lesions on the other three 
varieties than did alfalfa mosaic virus lA. Alfalfa mosaic virus I 
produced the smallest number of lesions on all varieties tested. 
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Fku’RE 3 - Symptoms prwiuced by alfalfa mosaic vimses on several hosts b.beaf mottling on 
produced bv alfalfa mosaic virus l.\; B, mottling on Itatura (ftramovuim infected with alfalfa mosaic 
virus IB; C’, leaf pattern prodii(*ed by alfalfa mosaic virus IB on Turkish tobuwcK Jh h, local 
produc'd by alfalfa mosaic viruscvS 1 aud l A, n'siH*ctlvely, on Stnnpless (Ireen Hefngw lK‘an; note higher 
porfHintage of Ilghi-tan centers of lesions in K than D. 
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Table 2. —Susceptibility and resistance of four bean varieties to pea streak virus 1 
and alfalfa mosaic viruses 1, 1 Ay and IB 

I K»»action • to— 


Variety 


Stringle.s.s tin>en Kefimee 

CorluHt KefuRt'e. -.. , 

Great Northern 1. No. 1. 
Kobu.st , - 


Alfalfa mosaic virus 


Pea streak 


virus 1 

1 

lA 

IB 

Plants 

inocu¬ 

lated 

Plants 

infected 

Plants 

inocu¬ 

lated 

Total 
lesions 1 

Plants 

iiiotni- 

latcd 

i 

Total 1 
lesions* 

Plants 

inocu¬ 

lated 

Total 

lesions* 

Number 

Number 

Number 

Numlter 

Nu mber 

Number 

Number^ 

Number 

20 

0 

10 

1,540 

10 

K, 5(N) 

10 j 

3,700 

20 

0 

10 

26 

10 

K2 

10 

2.3.5 

20 

0 

10 

S5 

10 

227 

10 

506 

20 

0 

10 

29 

10 

71 

10 

258 


» Total number of lesions produwul on 20 inoculated primary leaves. 


The size of the lesion varies, depending on the virus and the variety 
inoculated. On Stringless Green Refugee alfalfa mosaic virus 1 pro- 
du(‘.ed lesions from to VAp in diameter. The lesions produced by 
alfalfa mosaic viruses lA and IB on this variety averaged about 2p in 
diameter. On Corbett Refugee the lesions were slightly smaller than 
on Stringlcss Green Refugee. On Robust and Great Northern U. 1. 
No. I, the lesions produced by alfalfa mosaic virus I were from 2p 
to 2)ip in diameter, while those produced by alfalfa mosaic viruses AI 
and IB averaged approximately 2)ip to 3 m in diameter. 

In addition to tlie production of local necrotic lesions, the alfalfa 
mosaic viruses frequently followed the veins and veinlets, causing 
them to becotfne necrotic. This infection did not extend beyond the 
inoculated leaves. Alfalfa mosaic virus 1 produced only a slight vein 
necrosis on the inoculated leaves of Stringless Green Refugee, CVirbett 
Refugee, and Great Northern IJ. I. No. 1. On Robust more vein 
necrosis was noted than on the other varieties. 

Alfalfa mosaic viruses 1A and IB produced more vein necrosis than 
alfalfa mosaic virus 1. On“tlie Robust variety the former two viruses 
produced this type of infection more severely than on the other 
varieties. The necrosis frequently extended for a distance of Sp to 
10 m along veins and veinlets. 


Other Hosts 

In order to determine the host range of the four viruses, a number 
of species in the genus Phaseolus, as well as species in other genera, 
were inoculated with the pea streak virus jind with alfalfa mosaic 
viruses 1, lA, and IB, with results as shown in table 3. 

It is evident from table 3 that the host range of pea streak virus 1 is 
more limited than that of the three strains of alfalia mosaic virus. The 
following hosts were susceptible to pea streak virus 1: Oicer arieiinumy 
Lens escuUnta, Medicago sativa, Melilotus albUy Soja maxj Trifolium 
incarnaturny T, pratense, T. repenSy Viciafaba, V.faba minory and V. 
saliva. In addition, alfalfa mosaic virus 1 w^as infectious to Lupinus 
albuSy £, luteusy Phaseolus angularis, P, aureusy P, lunatuSy P. mungo, 
Vigna sesquipedalisy V, villosay V, sinensisy Nicotiana tabacumy Pe¬ 
tunia hybrnduy and Datura stramonium. This host range is more ex- 
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tended than that reported earlier for the same virus by Zaumeyer 
and Wade (^0). It corresponds in general with that of Pierce (^), 
who tested a number of plant species with an alfalfa mosaic virus. 

Table 3.— Susceptibility and resistance of various legumes and other plants to pea 
streak virus 1 and alfalfa mosaic viruses lAy and IB 


iieact ion i to— 
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and Zinnia degans. Alfalfa mosaic virus IB infected all the hosts that 
were susceptible to alfalfa mosaic virus lA except Lathyrus od^oratus. 

69528—38-ft 





















760 


Journal of Agricultural Research 


Vol. 60, No. 10 


SYMPTOMS OP THE VIRUSES ON DIFFERENTIAL HOSTS 

It is not intended in this paper to describe in detail the symptoms 
produced by the several viruses on all the hosts that were inoculated 
with the four viruses. Certain distinct differences were noted on a 
number of hosts, both as to type of infection and severity of symptoms 
produced. It is believed that these differences are helpful m the 
differentiation and identification of the viruses. 

On Viciajaba pea streak virus 1 produces very characteristic symp¬ 
toms. The first symptom that appears is a local ring spot lesion, 3 to 
5 mm in diameter, on the inoculated leaves (fig. 4, C and E), followed 
by a slight red to brown streaking of the stems (A). The stem streak 
progresses and may extend from the ground line to the uj>permost tip 
of the plant, covering in some ceases almost the entire stem (F), The 
petioles may also be streaked (Z>), as well as the veinlcts on the 
under side of the leaflets. 

On certain of the lower leaves of Vicia faba plants infected with pea 
streak virus, the circular ring spot lesions may cover a part or the 
whole of a leaflet (fig. 4, C and K), In other cases circular zonate sfiots 
appear wliich may coalesce with others, producing large dark-gray 
to black spots resembling the lesions produced by Alternaria sp. 
These areas are surrounded by a yellowish border and may appear 
in the center of the leaflet, but most frequently they are found along 
the margins of the leaf. If the lesions are large, the infected leaflet 
imjy wither and die (i^"). 

The tips of Vicia jaba plants infected with pea streak virus 1 are 
often rosetted. The leaves are smaller than normal, do not unfold 
properly, and are spotted and streaked (fi^. 4, B), The plants may 
gradually die, beginning at the growing point, and in such cases the 
stem may sh6w only a small amount of streaking (jB). In other cases 
the entire stem may be reddened, normal-appearing leaflets being 
found below the dead tissue {F). 

Alfalfa mosaic virus 1 also produces local, necrotic, reddish to 
brownish lesions on Vicia Jaba. The inoculated leaves later die. The 
uppermost leaves curl inward and show a stippled bronzing that later 
becomes a more distinct, reddish spotting. The spots are usually 
more numerous at the base of the leaflet (fig. 5, E). These leaves 
frequently die while some of the lower leaves still appear normal. 
The stem may be shrunken and decidedly streaked, the streaks being 
blackish brown. Seriously infected plants usually die. 

The symptoms produced by alfalfa mosaic viruses lA and IB on 
Vicia Jaba arc essentially the same as those produced by alfalfa mosaic 
virus 1, except that they are more severe. Alfalfa virus IB produces 
the most striking symptoms. The local necrotic lesions produced by 
this virus on the inoculated leaves are larger and more numerous than 
those produced by either of the other alfalfa mosaic viruses (fig. 5, B). 
These lesions may cover an entire leaflet, causing it to die 5 days after 
the appearance of symptoms. The tip of the plant (C) frequently 
shows the effect of infection shortly after the local lesions appear on 
the inoculated leaves (B), and often it is killed 10 to 12 days after 
inoculation. The stem then begins to shrink, takes on a black dis¬ 
coloration ((7), and becomes internally necrotic. 

As already mentioned, the pea streak virus is not infectious tf> 
bean, whereas the three alfalfa mosaic viruses produce local necrotic 
lesions on the inoculated leaves (fig. 3, D and £). The only differ- 



Figure 4.-~Symptom» prodnced by pea streak virus 1 oo Windsor broadbean: A, streaking of stem; B, leaf 
s(x)t and rosette; C D, ring«spot<like symptoms on leaflets; F, stem streaking and kilimg of inoculated 
and terminal leaflets: center leaflets appear normal. 
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ences between the symptoms produced by the latter viruses on bean 
were in the size of the lesions produced and in the formation of light- 
tan centers. The local lesions produced by alfalfa mosaic virus 1 
never exceeded 1 to 2% mm in diameter and were brownish red, with 
only an occasional light-tan center (Z>). Alfalfa mosaic viruses lA 
(E) and IB produced lesions 2 to 3 mm in diameter with a high 
percentage of light-tan centers. 

On white sweetclover, pea streak virus 1 and alfalfa mosaic viruses 
1 and lA produced a mild mottling. The infected plants became 

E generally chlorotic and died. Alftufa mosaic virus IB produced 
ocal lesions on the inoculated leaves. The infected plants were 
decidedly stunted, became chlorotic, and died. 

On crimson clover, pea streak virus 1 produced a marked mottling 
of the leaves (fig. 5, O), while alfalfa mosaic virus 1 produced a ver>’ 
mild mottling which frequently was difficult to diagnose. Alfalfa 
mosaic virus lA produced an extreme mottling (P), the leaves being 
smaller than normal (K) and the plant stunted. Alfalfa mosaic virus 
IB produced severe mottling, spotting, crinkling, and malformation 
of the leaves and a stunting of the plant (M), 

On red clover, pea streak virus 1 produced a fairly distinct mottling. 
Alfalfa mosaic virus ] manifested itself as a very mild mottling, while 
alfalfa mosaic virus lA produced a mottling equal in intensity to that 
produced by pea streak virus 1. Alfalfa mosaic virus IB likewise 
produced a distinct mottling and in addition a leaf spotting (fig. 5, (>) 
similar to that on crimson clover. In this respect alfalfa mosaic virus 
IB is distinctly different from any of the other viruses. 

White lupine was resistant to pea streak virus 1, which can thus be 
distinguished from the other viruses. On white lupine the alfalfa 
mosaic viruseej produced local lesions (fig. 5, J and L) that diflered in 
size and number. Alfalfa mosaic virus 1 produced the smallest 
lesions and the fewest per unit area of leaf surface; alfalfa mosaic 
virus lA produced the largest lesions and the greatest number per 
unit area. The inoculated leaves were killed most readily when 
inoculated with alfalfa mosaic virus lA. Tlie systemic symptoms 
produced by alfalfa mosaic ^virus 1 were a mild leaf mottling and a 
slight chlorosis. Alfalfa mosaic virus lA produced a distinct mottling 
and considerable chlorosis. The uppermost leaves were small, 
puckered, distorted, and curled upward. Infected plants were 
decidedly stunted, and the growing tip was frequently killed^ Alfalfa 
mosaic virus IB produced symptoms slightly more pronounced than 
those produced by alfalfa mosaic virus 1. 

Soyliean was resistant to pea streak virus 1. Alfalfa mosaic virus 1 
pipduced a stimting of the plant and a decided mottling, puckering, 
crinkling, arching, and downward curling of the leaflets; alfdfa mosaic 
virus lA produced similar but slightly more intense symptoms (fig. 
5, Z>). The youngest trifoliate leaves showed necrosis and frequently 
were killed; the plants, however, did not die. Alfalfa mosaic virus 
IB produced symptoms more severe than those produced by alfalfa 
mosaic virus 1 but not so intense as those produced by alfalfa mosaic 
virus lA* 

The only virus that infected sweet pea was alfalfa mosaic virus 
lA. The only symptom was a leaf mottling. 

Alfalfa mosaic viruses lA and IB infected zinnia, producing a 
definite mottling of the leaves. 



Fiqure 5,—Symptoms produced by fiea strewik vims 1 and alfalfa mosaic viruses on different hosts: .4, 
Healthy soybean leaflet; H, C, variations In symptoms produced by alfalfa mosaic virus IB on Windsor 
broadlmn; It, mottlinj? on soybean infecteti with alfalfa mosaic vims leaf spot on Wimlsor broad- 
beau Infe^Jted with alfalfa mosaic virus 1; F*, mottling on petunia leaf caused by alfalfa mosaic virus 1 A; 
G, rwi clover leaves infected with alfalfa nwsaic vims IB, //, /, local lesions produced by alfalfa mosaic 
viruses IA and IB, respectively, on Black Eye oowpea; J, X, white lupine infected with alfalfa mosaic 
viruses lA aud IB, restiectively: A', healthy crimson clover; Al, 0, P, crimson clover infected with alfalfa 
mosaic virus IB, {lea streak vims 1, and alfalfa mosaic virus lA, respectively, N, healthy white lupine. 
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Tobacco was not infected by pea streak virus 1; the three alfalfa 
mosaic viruses produced similar symptoms, namely, wliite necrotic 
flecks and small rings and arcs on the inoculated leaves. A mottling 
later developed and was followed by necrotic areas similar to the 
oak-leaf iiatterii (fig. 3, O of the tooacco ring spot virus described 
by Fromme et al. (7). The only symptomatological difference be¬ 
tween the three viruses was in the intensity of the mottling. Alfalfa 
mosaic virus 1 produced the mildest mottling, and alfalfa mosaic virus 
lA the most pronounced. 

Jimsonweed was resistant to the pea streak virus but susceptible 
to the three alfalfa mosaic viruses. Alfalfa mosaic virus 1 produced 
a mild mottling, alfalfa mosaic virus lA an intense mottling, and 
alfalfa mosaic virus IB a still more intense mottling (fig. 3, i^). The 
last-named virus produced also brown necrotic spots, which first 
appeared at the tip and later spread throughout the entire leaflet. 

Petunia was not infected by the pea streak virus, but was susceptible 
to the thi*ee strains of alfalfa mosaic, each producing a decided 
mottling of the leaves. Alfalfa mosaic virus 1 caused the least 
intense mottling, while alfalfa mosaic viruses lA and IB produced 
severe mottling of about equal intensity (fig. 5, The leaves of 
the plants infected with alfalfa mosaic virus IB were small, somewhat 
distorted, and necrotic. 

Cucumber was infected only by alfalfa mosaic viruses 1A and IB. 
The symptoms appeared on the young leaves as small chlorotic spots 
that gradually enlarged, causing a mild leaf mottling. On the later 
formed leaves, yellowish-green spots appeared throughout the leaf 
(fig. 3, A), Such leaves frequently show^ed extreme distortion. 

PROPERTIES OF THE VIRUSES 

AlthoiJgh the properties of alfalfa mosaic virus 1 had been previously 
studied by Pierce (8) and Zaumeyer and Wade (^0), they were again 
determined in order to get a direct comparison of the properties of 
this virus with those of the pea streak virus and alfalfa mosaic viruses 
lA and IB. The thermal mj^ctivation points, resistance to aging in 
vitro, and tolerance to dilution of the four viruses weie studied jfor the 
purpose of determining differences as a means of separating and 
identifying them. In the case of the pea streak virus, the studies 
were made with peas as the test host. The determinations with 
alfalfa mosaic viruses 1 and lA were made with beans because of the 
ability of the viruses to produce local necrotic lesions on them. In 
the trials with alfalfa mosaic virus IB, both beans and peas were 
used. The routine methods described by Johnson and Grant (4) 
were employed; the only variation was in the aging tests. The 
viruses werq stored in stoppered flasks and placed in a darkened 
constant-temperature chamber maintained at 20° C., whereas Johnson 
and Grant stored their viruses at temperatures ranging from 80° to 
90° F. 

Thermal Inactivation Point 

The thermal inactivation point of pea streak virus 1 was found to 
be between 62° and 65° C. when heated for 10 minutes (table 4). 
Alfalfa mosme virus 1 was inactivated between 65° and 70°. This 
is slightly higher than the inactivation point reported for the same 
Tirus by Pierce (8) and Zaumeyer and Wade (W), who found it to be 
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between 62° and 65°. Alfalfa mosaic virus lA lost its infectivity at 
the same points as alfalfa virus 1. Alfalfa virus IB was inactivated 
at 70° to 75°. 

Table 4.'— Comparison of the thermal inactivation points of pea streak virus 1 
alfalfa mosaic virus 1, alfalfa mosaic virus lA, and alfalfa mosaic virus 113 
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KrSbSTWCE TO A(iIN(. in ^ ITKO 

Pea streak virus 1 was noninfeetious when a^ed 2 days at 20° C. 
(table 5): alfalfa mosaic virus 1 was inactivated after aging 4 to 5 
days. This is not in agreement with Pierce (<S’), who reported the 
\irus to be infectious after 8 to 9 <lays' aging at laboratoiy tempera¬ 
tures. Zaumeyer and Wade (^0) previously reported the virus as 
living to 4 days in vitro. Alfalfa mosaic \iruses lA and iB were 
noninfeetious after 4 to 5 days’ aging. 

ToLKU^NfE TO Dilution 

Table 6 shows that pea streak virus 1 was infectious at a dilution 
of 1 to 5,000. Alfalfa mosaic virus 1, however, lost its activity at a 
dilution greater than 1 to 2,000, which agrees with the results of both 
Pierce {8) and Zaumeyer and Wade (20). Alfalfa mosaic viruses lA 
and IB were infectious at a dilution of 1 to 3,000 but not at 1 to 5,000. 

The differences in the properties of the several viruses seem to be 
sufficient to differentiate pea streak virus 1 from the alfalfa mosaic 
viruses. The thermal inactivation point for the pea streak virus was 
lower than that of the three strains of the alfalfa niosaic virus. Ke- 
garding aging in vitro, pea streak virus 1 lost its infectivity more 
rapidly, but tolerated a higher dilution than did the alfalfa mosaic 
viruses. 

Alfalfa mosaic viruses 1, lA, and IB showed,variations in their 
physical properties; these variations, how’^ever, were too slight to be 
of significance in differentiating the viruses. The only variation 
worth noting was that alfalfa mosaic virus IB wras inactivated at a 
slightly higher temperature than alfalfa mosaic viruses 1 and I A. 
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Table 5. —Comparison of resistance to aging in vitro of pea streak virus 7, alfalfa 
mosaic virus 7, alfalfa mosaic virus JAt and alfalfa irtosaic virus IB 
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Table 6. — Comparison of tolerance to dilution of pea streak virus 1, alfalfa mosaic 
virus /, alfalfa mosaic virus lA, and alfalfa mosaic virus IB 
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SEPARATION OF THE VIRUSES 

The separation of the several viruses may be accomplished by means 
of physical-property studies as well as by differences in host range. 

rea streak virus 1 can be separated from a mixture with the alfalfa 
mosaic viruses by inoculation to the Horal variety of peas, which is 
susceptible to the pea streak virus but immune to the three strains of 
alfalfa mosaic virus. On the other hand, it is possible to isolate the 
alfalfa mosaic viruses from a mixture with pea streak virus 1 by in¬ 
oculating garden bean, soybean, cowpea, white lupine, tobacco, po* 
tunia, and jimsonweed, which are all susceptible to the three strains 
of alfalfa mosaic virus, but resistant to pea streak virus 1. 

Aging the viruses in vitro over 25 hours at 18® C. will separate pea 
streak virus 1 from the alfalfa mosaic viruses, since the latter are active 
for about 3 days under such conditions, while pea streak virus 1 is 
inactivated when aged for more than 25 hours at 18®. 

Although the three alfalfa mo^c viruses are distinguishable from 
one another on many hosts, it is difficult to separate them in a mixture. 
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Thus far no method has been found of recovering alfalfa mosaic virus 
1 from a mixture with alfalfa mosaic viruses lA and IB. Alfalfa 
mosaic viruses lA and IB can be obtained from a mixture with alfalfa 
mosaic virus 1 by irioculating zinnia or cucumber, which are suscep¬ 
tible to alfalfa mosaic viruses lA and IB but resistant to alfalfa mosaic 
virus 1, or by diluting a virus mixture 1 to 3,000, a dilution at which 
alfalfa mosaic virus 1 is inactivated while the other two viruses are not. 

Alfalfa mosaic virus lA can be separated from alfalfa mosaic virus 
1 and IB by inoculating sweet pea. Pink Cockade variety, which is 
susceptible to alfalfa mosaic virus lA but resistant to the other two 
viruses. 

Alfalfa mosaic virus IB produces a necrotic spotting of the leaves on 
many pea varieties. It can be separate<l from a mixture of the alfalfa 
mosaic viruses by diluting an extract 1 to 1,000 and inoculating the 
Capueijner pea variety, on which it |>roduces a necrotic spotting of the 
leaves above the point of inoculation. By removing this necrotic 
tissue, reinoculating the same variety with the expressed juice of the 
necrotic tissue, and repeating this procedure, alfalfa mosaic virus IB 
can be sejiarated from alfalfa mosaic viruses 1 and 1 A. 

DISCUSSION 

Within the past few’ years a number of investigations (7, <^, IS, 17, 
20, 21, 22) hav<^ shown that several distinct viruses are callable of 
infecting peas, beans, and other legumes. Certain of these viruses 
produce similar symptoms on various hosts and are therefore, dilhcult 
to differentiate. Host range and i>roperty studies, together with 
symptomatological comparisons, have made it possible to name, 
describe, and classify certain of the viruses affecting legumes. 

The evidence presented in this paper shows that, in addition to those 
viruses already described on legumes, still others are infectious to 
them. The data also show’^ that the four viruses described can be 
differentiated, even though the symptoms they produce on certain 
hosts are in some cases and under certain conditions quite similar. In 
table 7 most of the outstanding differences in host reaction are noted. 

'I'ablk 7.- Summarizf^d iahlr for the differentiation and identification of pea streak 
virus I and alfalfa inosaic viruses /, lA, and IB 
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It is quite likely that some of the legume viruses thus far described, 
as well as others that may be described later, are not necessarily new 
viruses but are actually strains of some that have already been de¬ 
scribed, even though they may have been isolated from different 
hosts. For example, the three alfalfa mosaic viruses described here, 
though closely related, possess certain characteristics that distinguish 
them from one another. It is not unlikely that others will be found dif¬ 
fering from those herein described. 

Since 1928, a number of viruses causing pea streak have been re¬ 
ported. In comparing the symptoms produced by several of these, 
one might be led to believe that they are the same. Thus the symp¬ 
toms of pea streak virus 1 described in this paper show marked sim¬ 
ilarity to those of the pea streak described by Linford ® in the Uriited 
States in 1928, and later from Hawaii. Linford {5) proved that the 
pea streak virus in Hawaii was identical with the yellow spot virus of 

1 )ineapple and suggested that the pea streak in the United States may 
)e catised by either this or a related virus. Wliat appeared to be the 
same disease was observed by the writer in pea fields in Idaho, in 1932 
and 1934. In 1934 it was also reported ^ from Montana, where a field 
of peas showed a considerable amount of infection, so much, in fact, 
that the yield was materially reduced. L. K. Jones, in a bulletin by 
Vincent ll4)i reported a pea streak virus in w^estern Washington in 
1935. 

The present vriiter observed that infected pea plants were most 
commonly found in close proximity to alfalfa plants, either where 
volunteer alfalfa plants appeared in a pea field or where alfalfa was 
growing along the borders of a field. It was also reported" that the 
disease in Montana was found in a pea field planted to alfalfa in pre¬ 
vious years an(l that a considerable number of volunteer alfalfa plants 
occurred there. No virus determination was possible at the time, so it 
is not known whether this disease was similar to the streak disease 
reported in this paper or to the disease which linford (5) described on 
peas from Hawaii. Since alfalfa plants have been associated in most 
cases with the disease in the United States, it appears that these plants 
may have some logical connecrion with the disease. The alfalfa plants 
showed no signs of being infected with a virus, but the symptoms may 
have been masked, as is frequent under conditions of high temperature. 

If the pea streak disease in the western part of the United States is 
the same as that reported by Linford (5, 6") in Hawaii, it is distinctly 
different from pea streak virus 1 herein described. The pea streak 
virus from Hawaii is transmitted by Thrips tabad and is not readily 
transmitted artificially. Pea streak virus 1 is transmitted by the pea 
aphid (Illinoia pisi) and in prelimnary tests was not shown to be 
tr^smitted by T. tabaci. The virus is readily transmitted by arti¬ 
ficial means. 

The spotted wilt of garden pea reported by Whipple (17) appears to 
be the same disease as Unford's (6) pea streak and pineapple yellow 
spot. The symptoms of the spotted wilt virus on pea resemble those 
produced by pea streak vinis 1, and the symptoms caused by the former 
virus on Vwiafaba^ as reported by Smith (11), resemble those of pea 
streak virus 1 on this host. However, differences in host range, prop¬ 
erties, and transmission indicate that the viruses are not related. 


* nmroRD, Maurice B, See footnote 3, p. 747. 

^ Correspondence in files of Division of Fruit and Vegetable Crops and Diseases. 
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Snyder^s (J2) spotted wilt of sweet pea is identical with Whipple^s 
(17) virus of garden pea. 

Pierce (7) isolated a virus from a red clover plant, which he named 
the broadbean locaUesion virus. When inoculated to broadbean, it 
produced local necrotic lesions but no systemic symptoms. He stated 
that the local-lesion virus, especially when in combination with other 
viruses, tends to produce streak symptoms on peas. 

Althougli Pierce’s (7) host-range studies with this virus wore meager, 
there appear to be minor similarities between pea streak virus 1 an(l 
the broadbean local-lesion virus. Both viruses produce local necrotic 
lesions on Vida faba^ but pea streak virus 1 in addition becomes 
systemic. Both infected soybean but were not infectious to Stringless 
Green Refugee bean. 

Regarding tlie properties of the viruses, the broadbean local-lesion 
virus IS inactivated when heated for 10 minutes at 60° to 62° (\, and on 
aging in vitro from 2 to 3 days. Pea streak virus 1 is inactivated on 
heating to 62° to 65^ and on aging from 1 to 2 days. 

It is probable that these viruses are similar and that the local-lesion 
virus of Pierce may be a less virulent strain of pea streak virus 1. A 
more comprehensive study of the host range and properties of the 
broadbean local-lesion virus is necessary before this can be definitely 
determined. The alfalfa mosaic viruses discussed in this paper differ 
distinctly from the broadbean local-lesion virus. 

Alfalfa mosaic virus 1, reixirted in this paper, is identical with the 
alfalfa virus described by Weimer (/5, /6‘), as w'ell as with the alfalfa 
virus reported by Zaumeyer and Wade (^0). It is likewise the same 
virus as that described by Pierce (8) as alfalfa virus 2. 

The viruses of white clover mosaic and sweetclover mosaic, producing 
streak symptoms on f)eas, reported bj Zaumeyer and Wade (19, 22) 
and Pierce (7), are dissimilar to the viruses described herein. Stubbs 
(13), who produced a streak symptom on peas with the tobacco ring 
spot virus, dealt with a virus unlike those described in this paper. 

The alfalfa mosaic viruses discussed here are of peculiar interest 
because of their wide host range and because of the fact that the symp¬ 
toms they produce on certain hosts are somewhat similar to those pro¬ 
duced by other apparently unrelated viruses. As pointed out earlier, 
the alfalfa mosaic viruses infect certain hosts, outside of the family 
Leguminosae, wliich have not been shown to be infected by the pre¬ 
viously described legume viruses. 

The local lesions produced by the tobacco mosaic virus on beans, as 
shown by Price (9), are somewhat similar to though smaller than those 
produced by the alfalfa mosaic viruses. Similarly, the local necrotic 
lesions produced on cowpea by the various strains of cucumber mosaic, 
as pointed out by Price (10), are in general quite similar to the lesions 
of the alfalfa mosaic viruses on this host (fig. 5, H and i). 

The alfalfa mosaic viruses produce on the inoculated leaves of Turk¬ 
ish tobacco small white rings and arcs, not unlike those produced by 
the course etch virus of Johnson (3) on burle^r tobacco. On the upper¬ 
most leaves they produce white concentric rings and patterns, resem- 
blii^ those produced by the ring spot virus from sweetclover described 
by Henderson (j?). 

’ On petunia the alfalfa mosaic viruses produce symptoms that re¬ 
semble the early symptoms of the cucumber mosaic virus on this host. 
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They are, however, much less pronounced than the symptoms pro¬ 
duced by the tobacco mosaic virus and the tobacco rinp: spot virus. 

On Datura stramonium the symptoms of the alfalfa mosaic viruses 
slip:htly resemble those produced by the latent or X virus of potato. 

The early mottling produced by the alfalfa mosaic viruses on cucum¬ 
ber is slightly similar to the mottling exhibited by cucumber mosaic. 
Later, however, the symptoms of the alfalfa mosaic viruses are more 
severe and are distinctly different from those produced by the cucum¬ 
ber virus. Infected plants are stunted and the leaves become dark 
green with small stipplelike chlorotic spots. Later formed leaves are 
decidedly puckered and savoyed and much smaller than normal. The 
yellow areas are not so well defined in leaves infected with cucumber 
mosaic virus as in those infected with the alfalfa mosaic viruses. 

Insect transmission of the alfalfa mosaic viruses was not studied. 
It was shown that pea streak virus 1 was transmitted by the pea 
aphid, a feature which distinguished it from the spotted wilt virus. 
Weirner {16) showed that alfalfa vii'us 1 was transmitted from dis¬ 
eased to healthy alfalfa plants by the pea aphid. It is not unlikely 
that this aphid can transmit this virus, as well as alfalfa mosaic 
viruses lA and IB, to pea. 

The economic importance of pea streak virus 1 is unknown. If the 
pea streak disease found by the writer and others in commercial 
fields is similar to pea streak virus 1 or to any of the alfalfa mosaic 
viruses, then it is of commercial importance. 

Alfalfa mosaic is widespread and has been reported from many 
localities. The symptoms are quite noticeable in the spring and fall 
of tlie year throughout the eastern and midwestern Ignited States 
where the disease has been found; but in summer, wiieii the temper¬ 
atures are high, it is difficult to diagnose. Infected plants appear 
normal under these conditions, but the virus is readily isolated from 
such plants. L. K. Jones (as reported by Vincent (14)) found alfalfa 
mosaic abundant in certain counties of Washington, and he believers 
that the disease causes a decline in vigor and possibly is a factor in 
winter injury of the plants. 

The relationship of alfalfa mosaic to peas under field conditions is 
unknown. Because of the similarity of symptoms of the alfalfa 
mosaic viruses and certain of the other legume viruses on peas, it is 
not unlikely that the alfalfa mosaic may be responsible, in some 
localities, lor at least part of tlie reported pea mosaic. Alfalfa mosaic 
has never been found to affect beans under field conditions and hence 
is no factor in crop production. 

From the forgoing data, it is evident that the viruses herein 
desciibed are different from those heretofore reported as infecting 
pea and that they can readily be distinguished from one another as 
well as from other viruses affecting pea. 

SUMMARY 

A new virus disease of pea, of the streak type, together wdth a 
comparison of three strains of alfalfa mosaic that are infectious to pea, 
bean,‘and other legumes, are described and identified. 

The differentiation of the viruses was based on the expression of 
symptoms produced on numerous hosts, varietal resistance of pea and 
bean, host range, and properties of the viruses in vitro. 
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Pea streak virus 1 produced a streaking of the stems, petioles, and 
main veins of the leaves of the pea, but no leaf mottling. All of the 
alfalfa mosaic viruses produced a leaf mottling, and in addition alfalfa 
mosaic virus IB caused a spotting of the leaves and a slight streaking 
of the steams. 

Seventeen varieties of peas were tested with the four viruses. All 
varieties were susceptible to pea streak virus 1. Horal was the onlv 
variety immune to the three alfalfa mosaic viruses. In general, 
alfalfa mosaic virus IB produced the severest symptoms of the alfalfa 
mosaic viruses. 

Pea streak virus 1 was not infectious to bean, whereas the alfalfa 
mosaic viruses produced local necrotic lesions. The Stringless 
Green Refugee variety was the most susceptible to the three alfalfa 
mosaic viruses, as determined by total number of lesions produced. 
Great Northern 1. No. 1 was next in susceptibility. Corbett and 
Robust showed about tlie same tolerance. 

The host range of the pea streak virus is more limited than that of 
the three strains of alfalfa mosaic virus. Pea streak virus 1 did not 
infect any species outside of the family Legurninosae. The alfalfa 
mosaic viruses, besides infecting many legumes, also infected Nico- 
tiana tabaevm, Petunia hybrida, Datura stramonium^ Cucumis satims^ 
and Zinnia eleyans. 

The sym])toms prodiu'ed by the four viruses on certain differential 
hosts showed distinct differences, making it possible further to dis¬ 
tinguish the viruses. 

The thermal inactivation point, resistance to aging in vitro, and 
tolerance to dilution were determined for all of the viruses. The pea 
streak virus was inactivated between 62° and 65° C. Alfalfa mosaic 
viruses 1 and lA were not infectious when heated between 65° and 
70° for 10 minutes. Alfalfa mosaic virus IB was inactivated when 
lieated at 70° to 75° for 10 minutes. Pea streak virus 1 lost its infcc- 
tivity when ageil in vitro foi 2 days. The alfalfa mosaic viruses were 
noninfectious after 4 to 5 days^ aging. Pea streak virus 1 tolerated a 
ililution of about 1 to 5,000. Alfalfa mosaic virus 1 lost its activity 
at a dilution of about 1 to 2,000 and alfalfa mosaic viruses lA and 
IB at about 1 to 3,000. 

Pea streak virus 1 can be sepaxated from a mixture with the alfalfa 
mosaic viruses by inoculating Horal peas. This variety is susceptible 
to the pea streak virus but immune to the alfalfa mosaic viruses. No 
means of separating alfalfa mosaic virus 1 from a mixture with alfalfa 
mosaic Airuses lA and IB has been found. The separation of alfalfa 
mosaic viruses lA and IB from each other, as well as from alfalfa 
mosaic virus 1, can be accomplished by differential host reactions as 
well as by differences in their properties in vitro. 

The differences between the several viruses here reported, as well 
as between other legume viruses, appear to be sufficient to permit 
identification and classification. 
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STUDIES ON THE CAUSE OF IMMUNITY OF MONOCOTY- 
LEDONOUS PLANTS TO PHYMATOTRICHUM ROOT 
ROT> 


By Walter N. F^zekiel, plant pathologtui, and J. F. Fi dce, chemist, Texas 
Agricultural Experiment Station- 

INTRODUCTION 

The root rot disease caused by Phymatotrichum omnioorum (Shear) 
Dug^ar is known to attack 1,708 kinds of plants All of these 

are gyinnosperms or dicotyledons. Though some dicotyledonous 
plants are resistant to root rot, the majority are moderately to ex- 
tremety susceptible. No monocotyledonous plant, however, has yet 
been proved to be susceptible to tliis disease (7). 

Earlier results {8) indicate that this general immunity of monocoty¬ 
ledons to Phymatotrichvm root rot is associated with a relatively high 
concentration in their roots of some substance that inhibits the 
growth of P. ormdwrum. Little, if any, growth of the fungus occurred 
in autoclaved, undiluted juices from the roots of four immune mono¬ 
cotyledons, namely, corn (Zca mayn L.), onion {Allium cepa L.), 
canna {Canna sp.), and nutgrass {Cy perns rotnndns L.). On the other 
hand, profuse growth was obtained in autoclaved, undiluted juices from 
cotton {Gomjpium hin<utu7n L.), carrot {Dancus carota L.), ana 
sweetpotato {Ipomoea batatas (L.) Lam.) roots. x4fter the juices 
had been diluted with distilled water, good growth was obtained in 
material from both the immune and susceptible plants. 

These results have since Viecn confirmed by further tests {2) by the 
same methods. With the dicots, there was again heavy growth in 
undiluted juices from cotton, sesbania {Sesbania sp.), guar {Cyamopsis 
psoraloidcs (Lam.) DC.), and carrot roots, with less growth as the 
juices were diluted with distilled water. With the monocots, undi¬ 
luted juices from onion, nutgrass, and sorghum {Sorghum tnilgare Pers.) 
roots nearly or entirely prohibited growth, while diluted juices per¬ 
mitted good growth. However, somewhat aberrant results were 
obtained with juices from cowpea {Vigna sinensis (L.) Eiidl.) and 
corn roots. The general nature of the results is shown in part in 
figure 1. Colonies of Phyrnatoiriehnm omnivor urn here reached the 
following mean weights in 28 days: In undiluted carrot juice, 593 
mg; in carrot juice diluted to one-fourth in distilled water, 242 mg; 
in imdiluted onion juice, no growth; and in diluted onion juice, 181 mg. 

Since dilution of juice from monocots permitted growth, the 
inhibition in the undiluted juice could scarcely have been due to 
insufficient nutrients. It appears probable instead that specifically 
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inhibitory materials present in those juices make monocots immune 
to Phymatotrichum root rot. 

Without discussing work on the nature of resistance to various 
plant diseases, recently reviewed at length by Brown (7), mention 
should be made of studies by Moore (6) on the rate of growth of 
Phymatotrichum omnivorum in dilute decoctions prepared from dried 
roots. Decoctions from cotton roots, added to potato-dextrose agar, 
accelerated growth, while fresh decoctions from corn, wheat, or 



Figure l. -Growth of Phymafotrichum omnivorum after 4 weeks in juices ©\nressei from carrots {A, V) 
and onions (B, D). A, B, undiluted juices; C, D, diluted to one-fourth in distilled water Note no growth 
in undiluted onion juice \B) and good growth after dilution {/>). 


barley roots generally retarded it. Moore concluded that *Vater- 
soluble, labile substances present in the roots of plants immune from 
the attack of Phymatotrichum have some part in establishing this 
immunity.^’ 

The .present paper summarizes studies directed toward isolation 
and identification of the inhibitory substances in roots of monocoty- 
^edonous plants. Certain aspects of tliis work have been presented 
jreviously in abstract form (5). 
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METHODS 

The general method of attack has been to attempt to grow the 
fungus, Phymatotrichum omnivorum, on juices expressed from the roots 
of various plants, and on combinations of juices and fractions of juices 
with a synthetic nutrient solution. The fungus was grown in small 
volumes of these liquids in culture tubes. Fractions of plant juices 
were compared on the basis of the concentrations necessary to inhibit 
growth. Orowth was always successful in check tubes containing the 
syntlictic nutrient solution alone. 

In the preparation of the juices, only the underground portions of 
plants (roots, corms, rhizomes, etc.) were used, lliese were washed, 
ground, and the juice expressed with a hand press. The juice was fib 
t?red through absorbent cotton and used at once for fractionation as 
outlined below in presentation of the various experiments. The sol¬ 
vents used in fractionation prevented fungous or bacterial contamina¬ 
tion during manipulation, but no protection against changes due to 
oxidation was attempted. 

Final fractions of juices were added to synthetic nutrient solution 
70 (4)i which contains per liter (grams): Ammonium nitrate, 1.18; 
dextrose, 40; K 2 HP() 4 » 1.35; MgS 04 . 7 il 2 (), 0.75; KCl, 0.15; and FeCb, 
0.0015. The nutrient solution was used in uniform concentration in 
all the final cultures, while the concentration of the plant juice fraction 
was varied throughout the range indicated in the tables. In general, 
the final media were adjusted uniformly to pH 7.0 by the addition of 
potassium hydroxide when re(|uired. Etlier-soluble materials, added 
in ether solution, were usually not neutralized, but were added in 
relatively minute amounts to the buffered nutrient solution. The 
media were distributed to culture tubes, and autoclaved at 15 pounds 
for 20 minutes. Except as otherwise specified, this final autoclaving 
was the first heating of the material. 

Ether-soluble fractions of juices have generally been dispensed while 
still in ether solution. Individual portions were placed in culture 
tubes, whi<‘h already contained 1 cc of the synthetic nutrient solution, 
and tlie tubes were warmed at reduced pressure to remove the ether. 
The remaining 3- or 4-cc portion of nutrient solution was then added 
to each tube, and the tubes were plugge<l and autoclaved. 

Aqueous fractions of the plant juices were concentrated at reduced 
pressure, mixed as requireil with nutrient solution to obtain various 
concentrations of the plant-juice material, and the mixture was then 
measured into the culture tubes. 

The cultures were inoculated (except in a few experiments) witli 
portions of sclerotial masses of Phymatotrichum omnlmrum strain 24 
taken from flask cultures on synthetic media, and w^ere incubated at 
room temperature. Observations on possible growth were continued 
for several months, the tables representing the maximum growth 
possible rather than growth wdthin a definite period. Lack of growth 
of the fungus, shown by minus signs in the tables, indicated that a 
particular dilution of the plant juice was capable of completely inhibit¬ 
ing growth of the fungus. Growth indicated lack* of potency. In the 
tables, a single plus sign represents growth that filled not mor^ than 
half of the culture solution; two plus signs represent growth that filled 
most of the culture solution. Cultures were replicated four, five, or 
occasionally six times, and there was generally little variation in 
66528—as-5 
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results within a group of replicates. Some variation was to be expected 
near the concentration limiting growth of the fungus, particularly with 
fractions not soluble in water but of necessity tested in the aqueous 
nutrient solution. 

In tabulating the results, the concentrations mentioned for various 
fractions of the plant juices in the culture solutions refer always to 
the volume of original plant juice from which the fraction was pre¬ 
pared, without regard to the weight of material in this particular 
fraction. A fraction containing only a trace of the original dry 
material was still considered of i.O concentration if made up to the 
volume of tlie juice prior to fractionation. Similarly, a (‘concentration 
of 12.0 in the tables means that the final substratum contained a 
fraction prepared from a vcilume of plant juice equal to 12 times the 
volume of the culture solution, even though the culture solution may 
have contained only 1 percent of the dry matter present in this original 
juice. The dry weights, given for some of the fractions, refer to grams 
per 100 cc of the fraction at 1,0 concerntralion. 

EXPERIMENTAL RESULTS 

ETHER-SOLUBLE AND AQUEOUS FRACTIONS OF PLANT JUICES 

Several preliminary fractionations of various juict's may be sum¬ 
marized briefly. Fresh onion juice was treut(‘d with phosphotungstic 
acid, filtered, the filtrate cleared, treatc'd with neutral lead ac’etate, and 
the precipitate again removed. Neither pre(‘ipitate inhibited growth 
of Phymafotrichvm nmrnrorvm. The filtrate was dehauh'd, evaporated 
to a thick paste, and extracted with absolute alcohol. The extract 
proved noiipotent in jireventing growth of the fungus, while the residue 
was highly potent. Acetone and ether extracts from the residue were 
potent. Ethel' extracts from an aqueous solution of the residue were 
inhibitory, but even after exhaustive ether extraction which yielded 
finally nonpotent extracts, the aqueous residue was still f)otent. 

Fresh onion juice was (extracted repeatedly with ether, with similar 
results. A first extract by two portions of ether was highly potent, 
preventing growth of Phymaioinehmn omnivvruim at a con<‘entration 
of 1.5. The a(|ueous residue was acidified wdth hydrochloric acid and 
extracted with two more portions of ether, yielding a somewhat l(*ss 
potent fraction, able to prevent growth at 3.0. The aqiuHius residue 
was then made alkaline with potassium hydroxide and extracted again, 
yielding a nonpotent ether fraction. The final aqueous residue was 
still potent, preventing growth at a concentration of 3.0. These 
results indicated that onion juice contained both ether-soluble and 
nonether-soluble materials able to inhibit growtli of Phymatotrichuin 
omnivormn. 

Fresh juice from corn roots wms extracted similarly with ether. As 
with onion', the ether extract (from acidified juice) and the aqueous 
residue were about equally potent in preventing growth of the fungus. 

Some experiments were performetl to compare fractions prepared 
in this way from rnonocots and dicots. In the series summarized in 
table 1, the aqueous residue of the ^i<*es did not differentiate between 
suscjeptible and immune plants. Tliis fraction prevented growth in 
material from the highly susceptible carrots and from the immune 
onions. The ether extract, on the other hand, was potent with the 
nion but did not inhibit growth with juices from either of the dicots. 
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Table 1.— Inhihilori/ effect of ftome fractions of carroty turnip^ and onion, juice on 
growth of I^hymalotnchum omnivorom 


Juio? and fraction } 

I 


V\ii rot 

Complete juice, adjusted to pU 7 {> 

Kther extract. 

Aqueous rcMdue_ 

'I’urMip 

(^lIuplete luice, adjusted to till 7 0 
Ether extract. 

Acjiieoiis residue _ . 

< >111011 

('ornplete juice, adjusted to pll 7 t)_ 

Etiiei eviiaci 
Atpieous residue 


' CoiKcntt itions re{ires.!nl the volume of the onpinal 
P U(‘ 1. di\ ide.l t*v the \ .ilume ot the oulfure s >luti<m in \ 
< Jrow th ui 1 oltuties 


(Irowth f-f*) or lack of growth (-) in nutiient 
solution 70 plus the lollowiim concentrations ^ 
ot fractions - 


f.f) 

3 0 

1 

i M. j 

0 75 

+1-' 

4--f- 

i 

4-4 

' t 

1 i 

i ++ ! 

' . i 

I 1 

+-+ 

•4 + 

+4* 

'“dV ! 



4>4- 


■ ; 

-f-) 

f4- 

1 i 

4“4- 

-(q 

4-4- 


uus* from which a portion of the fraction was pro- 
hicb tiial pot lion is ie,sted 


In otlior expcrinuMits carried out at this time, ether extracts were 
prepared from juices from canuus, onions, potatoes, sweelpotatoes, 
carrots, and UenifrocaUis roots. In sufllciently hig:h concentration. 
lh(‘ afpieous residues remaining after ether extraction of all these juices 
ii hihited growth of P hij too tot rich um ounitrorum, On the otlierhand, 
the t'tlier-soluble fractitiiis from the juices of the monocots were gen¬ 
erally potent, while those from the juices of the susceptible dicots were 
rarely inliibitory. even \Nhen used at high concentration. This sug¬ 
gested that the mat(u*ials that make monocots immune from root 
rol might be those pn'sent in the ether-soluble fractions of the juices, 
rather than those in the afpieous fractions wliich ^\ere apparently 
common to botli grouj)S of jdants. Further attention was therefore 
given to tlie ether fractions. 

ETHYL ETHER AND PETROLEUM ETHER FOR SEPARATION OF POTENT FRACTIONS 

In experiments with onion juice, canua root juice, and Ilemerocallis 
root juice, extraction with ethyl ether ^\as compared vith extra(‘tion 
witli petroleum ether. In each case ethyl ether extrac s ^^ere more 
potent in preventing growth of Phymatotrichum inniironwt than 
extracts with petroleum ether. AMien the same port.’o ' of juice was 
extracted fust witli petroleum etlier and then with ethyl ether, the 
ethyl ether fraction was much more potent tlian the petroleum ether 
fraction. On the other hand, when juice was extractetl first with ethyl 
ether and then with petroleum ether, all the potei t material was 
extracted by the etliyl ether (table 3). Extraction with ethyl ether 
was thus more complete and included the materials that might be 
taken out by petroleum ether. Ethyl ether was therefore used for 
later extractions. 

ACETONE PRECIPITATION OF «THER-SOLUBLEf FRACTIONS 

Pliospholipins wTre separated by treating ether extracts with an¬ 
hydrous acetone in large volume overnight in the refrigerator. The 
white, greasy phospholipin precipitate obtained from ether extracts 
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from onion, corn, Hemerocallis, and other monocots invariably proved 
nonpotent (fraction c, table 2), while the acetone-soluble materials 
remaining in the ether-acetone solution (fraction d) were as potent in 
preventing growth of Fhymatotrichum omnivorum as the original 
complete ether extract. 

Table 2. —Inhibitory effect of some fractions of onion juice on growth of Phyniatd- 

trichnm omnivorum 


(Jrowih (+) or lack of growth (—) in nutrient 
Pi‘rot*nt solution 70 jilus the following concentra> 
Treatment of the fractions dry fractions - 

weight • ' ---j--- 

12.0 9 0 6 0 H.O I 15 1 . 0 - 0.75 

a. Complote juice, at pH 7 0.._ ... _ 6 9475 . . — - 

b. Complete ether extract.. __ .0324 — — — — — ( _ . .. . 

Precipitation of b with acetone i 

r. PrcHJipitate... tK)56 -f + ++ 44 - j _ 

d. Acetone-soluble. . - 02(>8 — -- — - - . ; 

SaiKinification of d for 2 hours at room temp<*rHlure- I 

e. Nonsaponifled. .0223 _ ~ ~ 4 . 4 . 4 . 4 . . . . 

f. Saponified, ether-soluble .(Ki56 - - - 

g. SajKinified, aqueous residue . +-f- -f-f* ’+'+ 4-f 4-+ . . 

__ __ _ ___ _ _ _ _ ... . I 

1 Dry weights refer to grams per 100 cc of the fraction at 1 0 concentration. 

SAPONIFICATION WITH ALCOHOLIC POTASSIUM HYDROXIDE 

vSaponification of ether extracts with alcoholic potassium hydroxide 
was tried in several expenments. After saponification, water was 
added and an ether extraction w’^as made which presumably removed 
nonsaponified materials. The aqueous residue was tlicn acidified 
with hydrochloric acid, and a second ether extraction was made to 
remove acidic, saponified materials. The final aqueous residue (*ou- 
sisted of saponified materials, soluble in w ater but not in ether. 

Fractionation of onion juice in this way usually yielded results as 
given in table 2 for one experiment. The nonsaponified fraction (c) 
w^as reduced in weight and potency by longer treatment, or higher 
temperatures during saponification, but usually retained some po¬ 
tency. Most of the potency of the saponified material w as in the ether- 
soluble fraction (/). 

Similar fractionation of the ether-acetone-soluble portion of corn 
juice yielded different results.. The nonsaponified portion lost all 
potency, but the saponified, ether-soluble fraction was as potent as 
the material prior to saponification. Tliis apparent discrepancy in 
saponification of ether fractions from onion and those from other 
nionocot juices was explained in later fractionations in a<|ueous so¬ 
dium carbonate solution. 

These results indicated that the potency of ether extracts of mono¬ 
cots was due at least in part to saponifiable materials containing an 
acidic constituent. 

FRACTIONATION OF ETHER EXTRACTS BY EXTRACTION WITH AQUEOUS SODIUM 

CARBONATE SOLUTION 

The’ potency of ether extracts from plant juices was not diminished 
by repeated washing with distilled water. Washing with relatively 
small volumes of 1-percent aqueous sodium carbonate solution, how- 






May ifi, i«38 Immunity of Monocotyledonous Plants to Root Rot 


779 


ever, caused extreme reduction in potency. For example, an ether 
extract from canna root juice contained 0.0081 g per 100 cc of the 
original material, and prevented growth of Phyrnatotrichum omni-, 
vorum. when present at a concentration of 6.0. After washing twice 
with sodium carbonate solution and again with distilled water, the 
dry matter had decreased only to 0.0050 g per 100 cc of the original 
juice, while no potency was found even at a concentration of 12.0. 


Table 3. —Inhibitory effect of aome fracitona of juice from Ifemerocallis roots on 
growth of Phyrnatotrichum omnivorum 


Treatment of the fractions 

Percent 
drx ! 


weight ij 

1 

a Coinulele juuT. at pH 7 0 . 

! 

Extraction with ])etrolouin ether, followed 
by ethyl ether. 


b. Petroleum ether extract j .. 

n (N;2;t 

r Kthyl ether extract. 

. 03fW 

Extraction with ethjl ether followed by 
jHOroleuin ether 


d Eth.xl ether extract . , 

; .02.M ! 

e Petroleum et her ex t ract . 1 

(M)l« 1 

f Atiueous residue ft 0111 rf . - | 


Washing rfw'lth 1 iiercent soillum carbonate | 
solution ! 

: ■ ■ i 

g Hesiduofrom/f after washing i 

tmr) 

h Ether extract from acidified washings i 

(1120 


Orowlh (+•) or luck of growth (—) In nutrient solu- 
tjon 70 piu'? the following coneent rat ions of (rat*- 
tlonv 


1 

12 0 

9.0 

« 0 

j 

3 0 

1 .5 

1 0 

0 75 

1 

1 

4-4- 1 

4-f 

I 4-4- ^ 

1 : 

i 

4+ : 
1 ++ 

1 

~ i 

. 

4—b 1 


-4+ 

4-f i 
4-4- 

1 

1 

4-4- 

i 

. 

i --- 

1 - ■ 

+4- j 4-+ 

4-+ 

1 4-4- i 
^4 4- ! 

i 4-4 ' 

1 ; 


Li 

1 --- 


> St*e footnote 1, table 2 
* (Jro'a th in 2 of 4 lubos oiil> , 


Results typical of those obtained with juices from various monocots 
are given in table 3 for IlemerocalUs roots. In this experiment, the 
complete ethyl ether extract (d) was potent enough to prevent growth 
when at ().0 concentration. Washing 900 cc of this fraction with two 
250-cc })ortions of 1-percent sodium carbonate solution, and with one 
250-cc portion of distilled water, reduced the weight of dry matter in 
the extract {g) by a half and eiitkely removed the potency. The 
combined washings were acidified slightly with hydrochloric acid, and 
extracted with three 100-cc portions of ether. The inhibitory ma¬ 
terial was recovered in a fraction (h) containing less than lialf the dry 
matter of d but having slightly greater potency. 

Similar separations with juices from canna. roots, giant reed (Arurtdo 
domx L.) roots, gladiolus {Gladiolus sp.) conns, and Johnson grass 
{Sorghum hulepense (L.) Pers.) roots are summarized in table 4. As 
with IlemerocalUs, the potent material in the ether fraction was all 
removed by the aqueous sodium carbonate solution, from which it was 
recovered by acidification and ether extraction. The final fraction 
e was highly potent, only 0.0174 g of dry matter of canna material per 
100 cc of final culture fluid being necessary to inhibit growth of 
Phymatotnchum omnirorwm. With all these monocots, the potent 
materials in the ether extract i)ro\Vd completely soluble in 1-percent 
sodium carbonate solution. 
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Table Inhibitory effect of fractions of jyices from some monocotyledonous 
plants on growth of Phymatotrichurn omnivorum 




Growth (+) or lack of growth ( 

—) in nutrient solu- 



tion 70 plu.s the following concentratlon.s of frac- 


Percent 

tions— 







Treatment of the fractions 

dry 










w'eight * 











12 0 

9 0 

6 0 

3 0 

1.5 

I.O 

0. 75 

0 25 

(?anna root juice 










a romplete juice, at pH 7.0.. 

_ 


_ 


_ 



2 _ 

f f 

6, Aqueous residue after ether extract ion. 









,, .. 

f. Complete ether extract.. . ... 

0 oio(j 

— 

— 

— 

— 

4-4' 



. 

d. Hesidue from c after washing with 










sodium carbonate solution.. .. . 

.0020 

+ + 


+ + 


+ -b 




e. Ether extract from acidified w ash mgs. 

.0058 





4~"i' 




Ciant reed root juu«: 










0 . Complete juice, at pH 7 0.. 




_ 



Tr. 

4- 

+4- 

b. Aqueous residue after ether extrsotion 








— 


c. Complete ether extract... 

0338 

— 

— 


+ 

4-4- 




d. Residue from c after washing with 










.sodium carbonate solution. 

0195 


+ 


+ f 

-t -f 




€ Ether extract from acidified washings, 

.01.53 



3 — 

4 4- 





(fladiolus corm juice 





1 



i 


a Complete juice, at pH 7 0. 



.... 


j 


- j 


— 

b. Aqueous residue after ether extraction 






— 

! 


_ 

f. (^miplete ether extract_ ... 

0395 1 

— 

— 


4" 4“ 

4-4- 

1 



d Residue from r after washing with 

1 






, 1 



.sodium carbonate solution . ... 

0212 

-f-b 

4 + 

+ i 

'4 

I- b 1 

1 

-■i 


c. Et her extract from acidified w asfiings. 

0I2<» 


3 — 

3 q'r 

4 -f 

-+ 4 1 

- ! 

1 


.Johnson gra.ss root juice 






j 

1 



ff. Complete Juice, at pH 7 0. . __ 

... 

... 


.. 



— ! 

— 1 

4- 4- 

b. Aqueous residue after ether extraction 

.... 



— 

~ 

— , 


! 

- 

c (Vim plete ether extract. 



— 

.... 


’ -+-4* 1 




d Residue from c after washing with ; 


1 




i 


{ 


sodium carbonate .solution .. . j 


-f f 1 



! 

-1- 4- ! 


j 


f. Et her extract from acidified washings 


1 

1 


“f-l 1 


^4 b 1 

- ! 



_ . . „„ . . 

_ 


. . 


_ 


__‘ 


. - . 


1 See footnote 1, table 2 
J Trac*e of growth in 1 tube only. 

** (Irowth m 2 of \ tut)es. 

* Abundant growth in 1 tube onl.v. 


Table 5 - -Inhibitory effect on growth of Phymatotri chum omnivoniin of some Jrac^ 
iions of onion juice, showing potency of icashed ether ejrtrart 


Treatment of the fractions 


a- Complete juK«, at pH 7 0. 

b Complete ether extract. 

f. Hosidiie from b after washing with l-fier* 

cent sodium carbonate solution. 

(i. Ether extract from acidified washings... 


Percent 

<lry 

weight ‘ • 


0.0844 

.0200 

0091 


Cirowth (-f) or lack of growth ( - ) In nutrient solu¬ 
tion 70 phis the following concentriiimn of frac¬ 
tions ' 


— 


-- 

— 

' - -—— 

- — 

12 0 

9 0 

0 0 

3 0 

1 5 j 1 0 1 U 75 

0. 25 

— 

— 

— 


- 1 .. .. 1 . _ . 

— 






4-4- 


“ 

•*" 


-j 1 ~ 

1 

* 

_ 



_ ! 

4- i... L ! 





4- ! 

-b-b b. .. L i 





J 

1 1 ! 



1 See footnote 1, table 2. 


Onion juice yielded somewhat different results (table 5). In seyernl 
trials, a potent fraction was obtained by ether extraction of acidified 
sodium carbonate solution washings, just as with the other monocots 
tested. However, the onion fraction c, consisting of poi-tions of the 
ether extract not soluble iu aqueous sodium carbonate solution, was 
invariably highly potent also. Onion juice therefore contains, in 
addition to the potent sodium carbonate-soluble fraction apparently 
common to all the monocots tested, another potent ether-soluble 
^fraction not removed by sodium carbonate solution. This explains 
-^hy saponification yielded different results with onion and with corn 
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juices. The acidic fraction soluble in sodium carbonate solution was 
readily saponified in each case. This left with com juice no potency 
in the nonsaponified fractions, while with the onions there remained, 
the additional potent fraction, not soluble in sodium carbonate solu¬ 
tion and only slowly saponifiable by potassium hydroxide. 

SOME OTHER STUDIES OX ETHER FRACTIONS FROM MONOCOTYLEDONOUS PLANTS 
Cold Stokaoe of Ktiier Fractions as Affectjn(j Apfahent Potency 

Ether fractions from acidified sodium carbonate solution washing 
were stored on several occasions in stoppered flasks in the refrigerator. 
One of these was jiart of fraction d of table o. After 8 months the 
dry weight of materials in this licjuid had dropped to 0.0078 g per 
100 cc of the original volume, presumably on account of a light 
brownish-white precipitate observed on the bottom of the flask. In 
cultures set u]) with this stored material, however, the potency was 
found to have increasetl so that no growth occurred at a concentration 
of 3.0. In the cultures shown in table 5, the addition of 0.0278 g 
of onion material per 100 cc of culture fluid had not inhibited growth, 
while the addition of a smaller dry weight of the stored material 
(0.0284 g) was now' effective. 

Similar results were obtained later with (‘anna root material. The 
fresh juice was unusually low* in ])otency. The ether extract from 
the s(Kliiini carbonate w ashings did not inhibit grow th of Phymatotrivh- 
urn ornnirorum even at a concentration of 12.0, which provided 0.150 
percent of plant material in the culture tubes. After storage for 8 
days in the refrigerator, this fraction was again tested. The dry 
weight of th(‘ Ihjuid had decTeased slightly, but the potency had 
incnuised. A coiu'cntration of 10.0 provided 0.123 percent of plant 
material in the cultures, yet completely prevented growth of P. 
or)niirorurn. 

In both cas(\s, during storage of this fraction in the ether solution 
some (‘hange (x’curred which incn^ased its potency. Oxidation or 
hydrolysis may have caused both the loss in weight and the increase 
in jiotency. llie potent materials that prevent growth of Phymato- 
trichum omnivor urn in the cultures are possibly produced by oxidation 
or hydrolysis and may be evidence of the existence of some precui'sor 
in tlie {)lant, and are not necessarily identical with the material as 
found in the original roots. 

SOLX^BILITIES OF THE SODlUAr CaHBON.ATE-SoLCBLE PoTENT FUArTION 

Further separation of potent fractions was attempted wdth ether 
extracts from several jilants by layering with water plus alcohol or 
acetone. In general, more material and greater potency were ob¬ 
tained in ether-acetone, ether-methyl alcohol, and ether-ethyl alcohol 
fractions, and little material or potency in the corresponding aqueous 
acetone and acpieous alcohol fractions. 

Potency acjainst Different Strains of Phy.mato*trichit.m omnivorum 

Most of the experiments summarized here were performed with 
cultures of P. ormvworum strain 24, small portions of sclerotial masses 
being used as the inoculum. Several other sets of cultures were 
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set up with inoculum of strain 43 taken from agar slants. The results 
were the same, indicating that the reactions concerned are probably 
.general for P, omnivorum rather than specific for a particular strain 
of the fungus. 

Table 6. —Inhibitory effect on growth of Phymaiotrichum omnivorutn of fractions 
of juices from some dicotyledonous plants 


Treatment ol the fraclions 


Beet juice: 

a Complete juic-e. at pH 7.0 _ . 

b Aqueous residue after ether extrac¬ 
tion.. ..- . 

r. Complete ether extract_ .. . 

d. Itesidue from c after washing with 

sodium carbonate solution 

e. Ether extract from acidified wash¬ 

ings.. - 

C’arrot juice' 

0 . (Complete juice, at pH 7.0. - _ 

b. Aqueous residue after ether extrac¬ 

tion. .. ... ... .. 

c. Complete ether extract . . . 

d. Residue from c after washing with 

sodium (‘arbonate solution 
e Ether extract from acidified washing.s 
l*otato jiuoe* 

a. Complete juice, at pH 7 0. 

b Aqueous residue after ether extrac¬ 
tion . .... 

c. Complete ether extract . 

d. Residue from c after washing with 

sodium carbonate solution . 
c. Ether extract from acidified washingvS. 
Sw’cetimtato mice 

a Complete juice, at pH 7 0 --- , 

6. Aqxieous residue after ether extrac¬ 
tion. .... _ . . 

f. Complete ether extract_ 

d Residue from r after wa.shing with 
sodium carbonate solution. . 
r. Ether extract from acadified W'ashings 
Turnip juice 

fl. ('’ornplete jui(«, at pH 7 0. 

b. Aqueous reswliie after ether extrac¬ 

tion _ 

r. Complete ether extract. 

d Residue from r aft,er washing with 
sodium carbonate solution . 
f. Ether extract from acidified washings 


dry 

weight 


0 0106 
0073 
.oo:i5 


0701 
. 0(tt2 


. OtXll 
OOMO 


, 0305 


.0274 

(KW4 


.0131 

(Nm4 


Growth ( 4 -") or lack rf growth ( - ) in nuirUm 
lion 7() plus the following concentrations <: 
tions— 

12 0 

P 0 

6 0 

3 0 

1 .5 

1 0 

l) 7.*> 






4 

44 

_ 


_ 

_ 

4 4 



4 - 

4 

+4 

44 

44 



4 - 

4 

4- 

44 

44 



"j- 4 

4-4 

4-4 

44 

44 


... 

-- 





44 

f 4 

4 4 

-44 

44 

44 

44 - 

- 

1 

+ 4 
44 - 

4-4 

44 

.. 

f 4 
44 

4- 4. 

44 

4-4 

4 +■ 

Tr. 

Tr. 





44 



— 

Tr 

f' 

44 

4 4 



44 

44 

Tr. 

+4 

4 

44 

44 

44 

*'4 

i 

■ 

-1- 

Tr. 

Tr 

4 

4 -f 

44 



4 

4 - 

44 

44 

44 


1 

4 - 

44 

44 

+ 4 - 

44 


i 


- 


. . . 


- 

- 1 

— 

— 


— 

1 


1 

— 

— 

“ 

— 


' i 

1 


— 1 



__ 

! 

1 

— 

“ 1 

— 

4 t" 

44 

■ 1 

1 

' r 


4 + 


■f f 


4 4 


< -f t 


• See footnote 1, table 2. 

* Growth in 2 of 5 tut>es only 

COMPARATIVE STUDIES OF PREPARATIONS FROM JUK'ES OF SOME DI(X)TYLE- 

DONOUS PLANTS 


Since the sotUiim carbonate-soluble fraction from the ether extract 
occurred in all the monocots studied, it was of particular interest to 
find whether this potent fraction occurred also in dicots. Of the 
plants included in table 6, beets (Beta vulgaris L.), carrots, and sweet- 
potatoes are highly susceptible to root rot, while potatoes and turnips 
(Brassica rapa L.) ape only moderately susceptible and belong to 
families that contain many resistant plants. 

With'all five plants, the aqueous residues after ether extraction 
(fraction 6) were xx)tent in preventing growth of Phymatoiriehum 
omnivorunfiy as in earlier tests in which tins fraction proved uniformly 









May 15. i«38 Im,7YiuvHy of Monocotyhfhmovfs Plants to Root Rot 783 


potent. The ether fractions from tlie three more susceptible plants 
did not inhibit growth, while ether fractions from potato and tuniip 
gave results similar to those obtained with monocots. With potato, 
the potency was entirely in the sodium carbonate-soluble fraction (c). 
In the present experiment all the turnip fractions were potent. This 
does not accord fully with results with another lot of turnip juice as 
given in table 1 but it does agree with the strong inhibiting effect of 
turnip juice noted in previous work (3). 

The difference found here between the more susceptible and the more 
resistant dicots may be partly quantitative rather than qualitative, 
at least for the sodium carbonate-soluble fraction. A lower weight 
of tliis fraction was obtained from the susceptible dicots here than in 
corresponding fractions of potato or turnip juice, or of various mono¬ 
cots tested. These results suggest that differences between dicots in 
susceptibility to root rot may be based on differences in the content of 
(‘ertain ether-soluble materials, which may be of the same nature as 
those occurring in the immune monocots. 

DISCUSSION 

The work summarized in this paper has been essentially a gradual 
fractionation of plant juices, eliminating unimportant fractions by 
tests in which the root rot fungus itself served as the indicator. Dis¬ 
regarding unsuccessful and relativel}'^ unimportant steps, the present 
status of the fractionation is summarized graphically in figure 2. 

Substances (‘apable of inhibiting growth of Phymaiotriclium in 
cultures were found among both ether-soluble materials and those 
remaining in the acpieous residue. The water-soluble portion (6 of 
fig. 2) usually included at least 100 times as much of the plant material 
as the ether extract, and held back growth of the fungus in prepara¬ 
tions from all plants studied, whether susceptible or immune. This 
portion has not yet been investigated extensively for the particular 
materials to which monocots owe tlieir immunity. 

More attention has been given to the ether extract, c, which was 
always potent in sejiarations from monocots but not in those from 
susceptible dicots. Extraction with aijueous sodium carbonate 
solution further purified the ether-soluble potent material from the 
monocots, since materials going into fraction d were never ])otent, 
except with the onion. Tlie onion contains what is apparently a 
special potent material, uniformly found in this fraction. 

Tlie washed ether extract d did not lack potency merely because of 
dilution. In one experiment with canna root juice, for example, 
this fraction with a dry weight of 0.0051 g per 100 cc was tested at a 
<*oncentration of 48.0, making the culture solution contain 0.2448 
percent of canna material. No inhibition of Phymaiotnehnm was 
obtained, although growth w^as inhibited with a tenth as much of some 
of the potent ether fractions. 

The final fraction r, consisting of the potent material recovered from 
the sodium carbonate solution washings, was usually as potent as c, 
despite the low^er dry weight. Except with onion, all the potent 
material of the ether extract of monocots w as contained in this fraction. 
Relatively small amounts of this final fraction were required to inhibit 
growth of Phymaiotrichum omnironnn. Growth was inhibited in 
cultures that contained less than 0.1 percent dry weight of the plant 
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material. The concentration necessary ranged from 0.0174 percent 
in a canna series to 0.0918 percent in a giant reed series. 

Growth was prevented with complete canna juice diluted to about 
2.25 percent, and with complete onion juice diluted to about 4.5 
percent, of dry matter. With the final potent fractions of these juices, 
growth was prevented with only 0.0174 percent and 0.0540 percent, 
respectively, of plant material. Substances in these fractions were 
thus about 130 and 82 times as potent, for tlie same dry weight, as 
the original juices. 

It maj be questioned whether the same type of material wm present 
in fraction e from some of the dicots. This fraction generally con- 

ROOTS. CORMS, RHIZOMES, ETC. 

(GROUNO.PRESSEO) 


RESIDUE 


A 


^.JUICE 



AQUEOUS RESIDUE C ETHER EXTRACT 

(EXTRACTED w!th I-PERCENT 
SODIUM CARBONATE SOLUTION) 



Kir.rRE 2 -Outline of fraetionation of juices-of monocotyleaonou*^ and dicol.>ledonoiis. pUuitsi, as in 
exjieriinetits smrimHn/.e(l in tables 3 to 6. Fractions tested are nnlicated here by the same letters as in 
tables 4 and 6. 


iained little material. With the potato, a higher yield was obtained 
and growth of the fungus was inhibited in cultures containing 0.096 
percent of the dry material. This may be the same type of material 
found to be nonpotent in the smaller amounts in other dicots. How¬ 
ever, with the turnip a low weight of this fraction (onlv 0.0384 percent) 
in the cultures was sufficient to prevent growth of the fungus, which 
suggests that this turnip fraction might be qualitatively as well as 
quantitatively different from that of some of the other dicots. These 
fractions from some of the dicots may be associated with the resistance 
of various families and species to root rot. 

The fractions tested were not exposed to conditions that nikht 
produce toxic byproducts not present in the original roots. The 
separations did not involve reagents likely to produce permanent 
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clieiniea] eluinges in the plant inaterials. Fractionations with ether 
were followed always by washing with water to remove from the ether 
solution traces of water-soluble materials. Use of blanks in occasional- 
experiments, and accompanying fractionations of dicot juices, showed 
that substances inhibiting growth in the cultures were actually from 
the monocot roots, and were not due to accumulations of traces of 
chemicals in the juices during manipulation. 

By the methods used, roots of immune monocots all yielded an 
ether-soluble fraction (‘apable of inhibiting the growth of the fungus, 
while roots of susceptible dicots did not. This fraction e (possibly in 
conjunction with some of the water-soluble inhibitory substances) is 
probably concerncKl in the immunity of monocots to root rot. It is 
then of some interest to consider the possible chemical nature of 
materials that may be in this fraction. The properties of this fractioji 
are: Solubility in ether, from wdiich it cannot be w^ashed by w^ater nor 
precipitated by acetone; solubility in aqueous sodium carbonate 
solution, from w^hich it can be recovered by ether extractiori after 
slight acidifi(‘ation; relative insolubility in petroleum ether as com¬ 
pared to <‘thyl ether; probable solubility in alcohols. This informa¬ 
tion is sufficient to exclude the bulkier plant constituents, sugars, 
])roteins, and so on, wdiich WHuild be in the aqueous rather than in the 
f'tlier fractions. It excludes phospliolipins, which w^ould be precipi¬ 
tated by the acetone. It excludes neutral fats or sterols, wdiich w'ould 
not go into the sodium carbonate solution. The potent fraction 
presumably (‘onsists of definitely acidic, ether-soluble substances, 
p(‘rhaps organic acids or esters. 

SUMMARY 

Koot rot caused by Phymatotrichym ooinironim is known to attack 
1,70S plants, all gymnosperms or dicots, while moiio(‘ots are immune. 
Juices expressinl from the roots of rnonocots contain some material 
that prevents growth of the fungus, which gi’ows well in similar juice 
from susceptible <licots. 

Ether extracts of juices from roots of monocots were potent in 
}>reventing growth of the fungus, while those from roots of susceptible 
dicots were not potent. The aqueous residues of juices from suscep- 
tihle as well as from immune plants proved potent when tested in the 
cidture solutions. 

In ether extracts from all monocots tested, potent material has been 
found in a fraction characterized by the following properties: Solu¬ 
bility in ether, from wiiich it cannot be wavshed by water nor pre¬ 
cipitated by acetone; solubility in aqueous sodium carbonate solution, 
from which it is recovered in ether after slight acidification; relative 
insolubility in petroleum ether as compared to ethyl ether; probable 
solubility in alcohols. Fractions of this kind, which were approxi¬ 
mately ioO times as potent on a dry-matter basis as the original juice, 
completely prevented growdh oi Phytmiotrichurn omnirorym when 
added to nutrient solutions in amounts that supplied from 0.02 per¬ 
cent to 0.00 percent of plant material. Such fractions were prepared 
from onion bulbs, gladiolus eorms, and giant reed, canna, Hemerocall!,^, 
and Johnson grass roots. 

Onion juice, which w’as studied in many experiments, was found to 
contain an additional potent fraction, insoluble in sodium carbonate 
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solution but apparently slowly saponifiable in alcoholic potassium 
hydroxide. 

Ether fractions from susceptible dicotyledonous plants, such as 
carrots, beets, and sweetpotatoes, w^ere uniformly nonpotent. How¬ 
ever, the less susceptible potato and turnip yielded potent ether frac¬ 
tions. These fractions may be associated with differences in the sus¬ 
ceptibility to root rot of various families and species of dicots. 

The general immunity of monocots to root rot is due at least in 
part to the presence in the roots of these plants of minute quantities 
of acidic, ether-soluble substances, possibly organic acids or esters. 
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A MEASURE OF TOXICITY IN PLANT STUDIES * 

By Philip L. Gile 

Senior chemist, Soil Chemistry and Physics R(search Division, Hun an of ('hemistry 
and Soils, United States Department of Agriculture 

Tlio toxicity of a com]H)und for a plant is u-ually expressed in terms 
of the minimum concentration of the compound required to kill the 
plant. Other standards of toxicity frecjuently u-.ed are the minimum 
concentration that prevents lenertheninir of the primary root of younir 



seedlings and the concentration required to produce certain symptoms, 
such as chlorosis. Although these standards are adequate for many 
investigations, they are not entirely satisfactory for quantitative studies 
of toxicity, particularly where it is desired to measure the influence 
of some factor on toxicity. The end jioints are not sufficiently sharp. 

The indefiniteness of the end point, concentration killing the plant, 
is shown by the curve for decreasinjr growth with increase in the toxic 
compound. Figure 1 shows how, in pot experiments, the growth of 
millet (Sitaria italica) in quartz sand is affected by three toxic com¬ 
pounds-'- sodium selenate, sodium selenite, and calcium arsenate. The 
selenate curve represents the average of results obtained in 11 different 
experiments, except tlie point at 0.02 Se, which is a single determina¬ 
tion. The selenite curve is an average of three experiments and the 
arsenate curve an average of nine experiments., All three curves are 

1 Heoeived for publication ScpteiDber ill, 11137 issued June 1938. 
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of the same form. Probably this form holds for toxic substances in 
general when there is no interaction between the toxic substance and 
substances in the medium of growth. It is obvious from the gradual 
approach of the growth curve to the abscissa that a Iiigh order of 
expeiimental accuracy is iieeded to locate exactly tije point of no 
growth (killing concentration). 

A more satisfactory measure of toxicity is tlic quantity or concen¬ 
tration of toxic compound required to reduce growth one-half. This 
is a quite obvious criterion of toxicitv that has been used by the writer - 
and probably by others. Apparentty it should be in general us('. The 
value is determined by growing plants with and without the toxic 
compound, plotting weight of crop against quanthy of toxic compound, 
and locating the critical quantity of toxic compound from the curve. 
This measure of toxicity has a sharp end point. Figure 1 shows that 
at 50 percent of normal growtli a small difference in tlie dose of a toxi(* 
compound produces a measurable difference in growth. Moreover, th<^ 
toxicity curve shows that if the critical quantity of toxic compound i- 
known approximately, tlie half value mav be determined (jiiite exactly 
by interpolation when only two or three differently treated lots of 
plants are grown. One lot of plants without the toxic conijiound and 
one or two lots with the compound are sufficient. Otlnu* uflvantage^ 
of the half value as a measure of toxicity are apparent in the data in 
table 1. 


Table 1.---Oi^araUn'.s of calcium arsenaU^ s<Ki}um scUnnir, and aodium sclemi< 
required to 1 educe groirth of millet one-knlf in quartz sand, Of-i detei mined at diffeienl 
times 


Cal Cl uni arsenate 

i j Arse- ; 

I nate, I, 

I IWemht as ' 

j per pot, AsjOj. 
niirM-l rft' !' 

I.olupti r’’’*"** 

oft,.ii 

j arse- I re-luce i' 
! mile |«ros\thj| 

' one- ! 

Imlf ' 


.Sodium !>t*U*nale 


So hum scleiule 


Mar 7 . 
Alar. 24 -__ 
Ai)r. 17 . . 
Apr 21 -- 
May 20 
Auk » 

Auk IS--- 
Sept, JO . 
J)ec. 9 _ 


A verage. 


1)ftte of 

plant iiiK 


; Wejiiht 
I j»or pot 

l)iira-i 
tioii of 


arrow I h ; 


Day ft i Grams 


4 . 17 ) 
29 
2 07 

2 74 
2 22 

3 74 
2 73 
2 17 
1.22 


plants 
rewn- 
inR no 
.sele- 
nale 


sele- i' 
nate. ; 
as Se, 
re- j I 
ipured, 
per I 
pol to ij 
reduce'j 
Kiowlh i 
one- I 
half li 


Gram 
0 010 
.009 
OU 
010 
.011 
.m 

.009 

.012 

012 


010 


Standard deviation. - . 0012 

Coefficient of variability. 12 percent 



'iJays 

— 

Grams 

Oram | 

.lun 14 ... 

42 

3 fiO 

0 0043 1 

Feb 11 ... 

3 .S 

3 . 12 

(KI.'H 

Feb. 27 ... 

:j 5 

2.09 

.0041 

.Apr. 1 _ 

30 

2 90 

.(XKi 8 

May 24 _ 

25 

4 03 

0042 

June 20 ... 

IS 

2,28 

0043 

Aug 29 . 

28 

2.00 

. (K )37 

Sept. 21 .. 1 

23 

1 3 10 

.0087 

Oct 11.-.1 

35 

1 1.01 

.0040 

Oct 12 1 

32 

2.31 

00.53 

Oct 15 .. j 

33 

3 09 

.(X )47 i 

Average] 

1 

r 

„ ... 

.0044 j 

Standard deviation . . . 

00050 li 


C *offli tent of variabillt y.lH jiercent 


I >Hie of 
pJantinK 


I Dm a-; 
! turn of; 
iftiowth' 


! 


U eiidil 
per iv)t 
of 

plants 
receiv- 
uiK no 
side¬ 
line 


Sele 
nite. 
as Se 
; r<‘- 

(pnre 1 
) pci 
jiot to 
i re luce 
'growth 
' one- 
I half 


li 


Sera, i 
Oct 12 . 
Oct. 31 


Days 

23 

32 

42 


Gra ms 
3 If) 
2 31 
2 IS 


j Gram 
1 0 0014 
(K)12 
0013 


I 


AveraKeL- 


Table 1 shows half-toricity values obtained for calcium arsenate, 
sodium selenate, and sodium selenite in quartz sand with millet as the 
test crop. The nine determinations for calcium arsenate are repli¬ 
cates, except that they wore made at different times of the year, and 

> Oil®. Philip L. the effect of different colloidal soil materials on the toxicity of calchtm 
ARSENATE TO MILLET. Jour. Agr. Research 62’ 477-491, Ulus. 1930. 
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some of tliem in (Hfl’erent years. Tliis applies also to tiie 11 determi¬ 
nations for sodium selenate and the for sodium selenite. It should 
he pointed out that these repetitions were not made with the idea of 
testing the accuracy" of the toxicity determination. Millet was grown 
in pots in quartz sand, with and without a toxic compound, in a large 
number of experiments, to serve as a standard for comparing other 
(lata. It should also be understood that all determinations made in 
the course of several years are included in the table, except one obvi¬ 
ously wrong, and that no attempt was made to secure the highest 
accuracy in these determinations. The [)lants were grown in 1-gallon 
[)ots and each treatment was in triplicate only. 

The determinations of the toxicity values agree closely. This is 
surprising, for they were made at diflerent times of the year when light 
and t(un]>erature conditions of the greenhouse varied markedly. The 
marked variability of growth conditions in general is shown by the 
comparatue weiglits of the plants receiving no toxic compound in 
ndation to the number of days the ])lants were grown. At dilferent 
seasons the plants w(ue grown for dilferent lengths of time in order 
that they might be at approximately the same stage of maturity, the 
joint stage, when cut. 

Apparently, this toxicity value is inde[)endent of ordinary variations 
in light and tem|)(uature. Since toxi('ity determinations, shown in 
table 1. have a variability of only 13 i)erceut, dilferences in light and 
temperature, such as o(*cur in a greenhouse iViun summer to winter, 
could not ailect the half-toxicity value by more than this amount. 
Even this small variation is evidently not due to dilbu’ent growth 
coiu.itions but to experimental error. For three toxicity values of 
sodium selenate had j)robable errors averaging i O.OOOb g, as near a^ 
cotdd be calculated; wliereas the standard deviation for the sodium 
selenate valiuxs is :i O.OOOob g. In other words, the probable error of a 
deterjuination accounts fm* the deviation from the average. 

Prior to obtaining (he above results it was thought that the toxicity 
value should vary with general growth corulitions, for it seemed that 
the plants injured by arsenate or selenate shoidd be affected differ¬ 
ently from normal i)lants by <*hanges in grow th conditions. Evi¬ 
dently, however, normal plants and plants injured by arsenate or 
selenate have their growths altered in exactly the same |}ro})ortioii by 
changes in light and temperature. The toxicity values are, of course, 
not independent of all changes in grow th conditions. Certain changes 
in nutrient salts, alteration in the sand medium, and variation in the 
method of applying the toxic compound may alter a toxicity value 
apju'eciabl3\ 

SUMMARY 

Tt is suggested that the toxicity of a compound for a plant be 
measured by the Quantity or concentration of the compound recpiiretl 
to reduce growth l)y one-half. 

This measure of toxicity can be determined with accuracy, since in 
the region of 50-percent reduction in growth a small difference in the 
dose of toxic compound produces a measurable diflVrence in growth. 

An advantage of this toxicity value is that it is irulejiendent of the 
marked differences in light and temperature that occur in an ordinary 
greenhouse between summer and wdnter. 
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EFFECT OF PERCENTAGE OF PROTEIN IN THE DIET 
ON GROWTH AND FEED UTILIZATION OF MALE 
CHICKENS* 

By John C. Hammond, assistant biologist^ Ammal Nutrition DivisioUf Walter 
A. Hendrickh, assistant poultry husbandman. Animal Husbandry Division, and 
Harry W. Titcts, senior biological chemist, Animal Nutrition Division, Bureau 
of Animal Industry, Ignited. States Department of Agriculture 

INTRODUCTION 

The optimum percentage of protein in the diet of the growing chick 
is of practical importance and scientific interest. Hence, a great deal 
of s(‘attered research on the protein requirements for growth of 
chickens has been done with birds of different ages and breeds, under 
different systems of management, and fed protein from various sources. 
Even in some of the most carefully planned earlier studies of the 
protein re(|uirements of chickens for growth, the significance of the 
results is doubtful in the light of present knowledge of the vitamins. 
It is probable that in some cases a part of the difference attributed to 
the level of protein intake was due to difference in vitamin G or 
mineral intake. 

The experiment described in this jiapcT was carried out for the jiur- 
pose of obtaining extensive ami reliable data on (1) the effect of the 
level of protein intake on growth of male chickens, utilization of feed, 
utilization of protein, and the relationship between feed consumption 
and live weight; and (2) the influence of limited feeding on the rela¬ 
tionship between growdh resjionse and the level of protein intake. 
The experiment provided for (1) the limited feeding of seven diets 
containing different tiercentages of protein to seven lots of male chick¬ 
ens and the ad libitum feeding of the same diets to another seven lots 
of males, for a })eriod of 52 weeks; (2) collecting the pertinent data on 
feed consumption, live weight, and mortality; and (8) making a mathe¬ 
matical analysis of the data. The limited-fed birds received 70 percent 
of the normal feed intake. Male chickens w^ere used in this experiment 
so that the influence of egg production on feed consumption and grow th 
would be avoided, 

REVIEW OF LITERATURE 

Papers on the protein requirements of growing chicks and on 
closely allied subjects have been published by many workers. Musschl 
and Gish (/O) ^ found that the rate of growth of chicks during the 
first 9 weeks w as improved as the level of crude protein in the diet w as 
increased to approximately 19 percent. Meat scrap wras the chief 
source of protein in their diets. Holst {6) suggested that chicks 
should be fed a diet high in protein when first given feed and that the 
percentage of protein should be decreased progressively as the chicks 
advanced in age. 

^ Received for publication November ft, 19^7; issued June, 1938. * 
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Norris and Heiiser {11) reported that chicks made the best growth 
during the first 8 weeks on a diet containing 20 percent of protein. 
Diets containing more than 20 percent were not studied. They also 
found that as the age of their birds increased the eificiency of protein 
utilization decreased, and that as the protein content of a diet increased 
the efficiency of feed utilization increased but in birds of the same age 
the efficiency of protein utilization decreased, lleuser and Norris CD 
concluded that the growth of chicks is divided into three periods of 
about 6 to 7 weeks each and that during these three periods the 
following percentages of protein are the smallest that will produce 
rapid growth: 20 percent during the first period, 18 percent during 
the second, and 15 to 10 percent during the thinl. 

Swift, Black, Voris, and Funk {lo) found that the greatest gain in 
weight was obtained with a protein content of 22.0 percent in the 
diet and that the smallest gain w’as obtained with a protein content 
of 14.7 percent. Morris (9) reported that lots of chicks fed diets 
containing 14.82 to 23.13 percent of protein all (‘onsumed about tlje 
same (|uantity of feed but that the lots fed th(' higher percentage* of 
protein grew best. Milne (<S’) obtained excellent growth with cliicks 
fed diets containing 22.5 and 30.5 percent of protein during the first 
() weeks. When the protein was fed at a level of a])proximate]y 38.8 
percent, growth was adversely affected after the third week. How¬ 
ever, when the initial level of protein intake was reduced by decre¬ 
ments of 4.5 percent from 38.8 to l(i.3 percent during the first 0 
weeks, the chicks made approximately the same gain as those having 
a level of protein intake of 30.5 percent throughout the period. 
St. John, Carver, Johnson, and Brazie {VS) foimd that 21 percent of 
protein gave the best early growth but was closely followed by approxi¬ 
mately 17 percent. They found also that after the chicks were 10 
weeks old a diet containing 13 j)ercent of protein gave a satisfactory 
growth and that regardless of the level of protein intake the birds 
tended to reach the same live weight at 24 weeks of age. 

Tapper, C3iarles, and Heed (/6*) rean^d chicks in batteries and 
found that 20 percent of protein, which was the highest level they 
studied, was the most efficient up to 13 weeks of age. Diets having 
a protein content of less than 17 percent were not found to be desirable* 
for brooding chicks in batteries'. Efficiency of feed utilization, based 
on gains in weight, decreased with advancing age. Birds on low 
protein levels matured more slowly both physically and sexually than 
those on higher levels of protein. ITeuser and ISJorris (J) concluded 
that with tlie possible exception of birds fed diets extremely low in 
protein all birds of the same breeding finally reach about the same 
Jive weight. The strain they used reached about the same weights at 
29 to 30 weeks when the quantity of protein consumed was sufficient 
to support growth. They believed that ''mortality is probably 
affected where the protein level is very low and thus growth very 
much retarded.'' They stated that "mortality is possibly also greater 
where the protein levei is excessively high, in which case there might 
probably be a deficiency of some other factor." 

Wilgus, Norris, and Heuser {18) showed that the growth-promoting 
properties of the i)rotein concentrates were, in general, due to their 
vitamin G content as well as to the quality of their protein. Norris, 
Heuser, Ringrose, Wilgus, and Hoirnan {12) presented evidence to show 
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thiit the requirements of chicks for vitamin G arc extremely large. Hei- 
man {2) has shown that JO percent of dried whey insures ample 
vitamin G for growth. 

Titus, Jull, and Hendricks (/7) recommended that in comparative 
feeding experiments all the groups he fed a level of feed intake e<|ual 
to 70 percent of an approximation of the idealized ad libitum feed con¬ 
sumption. They found that at the 70-])crcent level the value of the 
Spillman ratio was nearly as large as it was at the ad libitum level. 

Carver, St, John, Miller, and Bearse {!) found that chicks fed 
skim-milk powder or Alaska herring fish meal at a 10-percent level 
of t)roteiTi intake made better growth at 0 and 12 weeks of age than 
lots fed the same supplements at a IJ-percent level. The pullets 
tliat received diets containing IJ and ir> percent of protein and in 
which the protein supplements were Alaska herring fish meal, meat 
scrap, or dried skim milk, showed very little difTerence in live w^eight 
at 24 weeks of age. Throughout the experiment, the pullets fed at 
a 13-percent level used tlie protein more efficiently than those fed 
af a 10-percent level. These investigators concluded that the protein 
re(iuirements of pulhds sieadily decreased until the beginning of egg 
production, 

McC\)nachie, (iraham, and Branion (7) found that the optimum 
protein content for growth in chicks during the first 0 weeks on the 
usual type of diet was approximately 2o percent. They concluded 
that for the first 12-week period approximately 19 percent of protein 
was the optimum amount and that a level of protein over 25 percent 
was detrimental to grow^tb. These investigators reported that both 
high and low levels of ]>rotein intake, particularly the former, tended 
to destroy the barring and to cliange the contour and texture of the 
f(»athers. They also found “crow^ heads^^ to be associated wdtli low' 
protein intake and concluded that slipped tendons were not due 
primarily to a high j)rotein intake per se. 

EXPERIMENTAL MATERIAL AND METHODS 

Approximately 1,100 cross-bred chicks were hatched in a commercial 
liutchery May 25, 1933, for use in this experiment. Barred Plymouth 
Rock fiUTiales had been mated wdth Rhode Island Red males to obtain 
the advantage of the sex-linked barring factor for separating the sexes 
at hatching time. The male chicks arrived at the Agricultural Re¬ 
search Genter, Beltsville, Md., where this experiment was carried on, 
early in tlie forenoon of May 26. They were weighed and the weak 
and otherwise unsuitable ones discarded. The 518 male chicks which 
remained were distributed among 14 pens so that each pen contained 
37. 

The chicks were brooded under electrically heated brooders in a 
series of pens, ll}:! by 4 feet in size, in a hot-water-heated brooder 
house. They received their first feed and water when they were 1 day 
old. After they were 4 days old, they were allowed access to direct 
sunlight in concrete yards, 12}2 by 4 feet in size,,adjoining their pens. 

When the birds were 12 weeks old, it w^as necessary to redtice the 
number per lot to 28 to avoid overcrowding. At 20 w^eeks the number 
in each lot was further reduce^d to 20 birds. In each instance the 
reduction was made in a manner that would not change the mean live 
weight of the lot. 
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THE DIETS 

The diets fed in this experiment were made up of combinations of 
the feed mixtures shown in table 1. 


Table 1. —Feed mixtures used in the expert fuerdal diets 


Ingredient 

High- 
protetn 
feed mix¬ 
ture » 

liOW- 

proteiu 
feed mix¬ 
ture * 

Ingredient 

Jligh- 
protein 
feed mix¬ 
ture ‘ 

Wheat gray shorts- 

Percent 
25 0 

Percent 

25 0 

Wheat-germ meal.. 

Percent 

2 5 

Ground yellow corn.. - 

20 0 

37 4 

Ground gypsum . ... 

2 0 

Granulated casein. 

15 0 

0 

Ground limestone . 

2 0 

Dried whey. ... 

10 0 

10 0 

t'ommon salt. 

5 

Rolled oats___ 

10 0 

10 0 

Moiiocalcium jihosphate 

0 

Alfalfa leaf meal__ 

5 0 

5.0 

Dicalcuim phosphate... _ 

0 

Wheat bran... 

5 0 

5.0 


Desiccated meat meal. 

3 0 

0 

Total .. 

100 0 


Low- 
protein 
feed mix¬ 
ture * 


Percent 
2 5 
2 0 
2 0 


2 

100 0 


’ Average crude protein content, 26.54 perctmi 
2 Average crude protein content, 12 87 percent. 


The percentage of crude protein in each batch of the feed mixtures 
was determined before they were combined to form the diets. Then 
the two feed mixtures and 2 percent of cod-liver oil were combined to 
form the seven diets, the average cliemic^l corn[)osition of whit h is 
given in table 2. The chemical composition of the diets differed sig¬ 
nificantly only in [irotein and nitrogen-free extract. All tlie vitamins 
and mineral elements known to be essential in the nutrition of the 
chicken were present in adequate (juantities, and the quantities of eacli 
in the several diets were approximately equal. 

Table 2.—Average proximate chemical analyses of the experimental diets 


Diet No. 

1 

Crude 
protein 
(6 25 X 1 
total K) 

Nitro- 

ceii- 

free 

ex¬ 

tract 

Fat 1 
(ether 
ex¬ 
tract) 

4 

1 

Crmie 

fiber 


1 Percent 

Percent 

Percent 

Percent 

1 ... 

25 (K) 

49 92 

5 48 

3 26 

2. 

23 00 

51 73 

5 r>3 

3 29 

3. 

21 (K) 

53 54 

5 58 

3 32 

4_ 

19. (X) 

55 3ft 

5. 62 

a 35 

5.. 

17 (X) 

57 18 

5 67 

3.38 

6 .. .. 

15 (X) 

58 99 

5 72 

3.41 

7. 

13 00 

fiO 80 

5. 77 

3 44 


Ash 

1 

1 

Mois¬ 

ture 

True 
protein 
(ft 25 X 
albunnn- 
oid N) 

Non- 

protein 

nitrogen 

com¬ 

pound'" 

Cul- 
cium ! 

(C’n) j 

Fh(»s- 

pbonis 

(P) 

Percent 

Percent 

Percent 

Percent 

t*ercnit 

Percent 

6 64 

9 70 

23 17 

1 37 

1 36 

0, 61 

6 67 i 

9 78 

21 2« ! 

1 31 1 

1 37 

61 

ft 70 

9 8ft 

19 3fi 

1 24 

1 37 

.tX) 

ft 73 

9 94 

! 17 45 

1 ]« 

. 1.37 

.60 

6.7« 

10 01 

15 55 

1 09 

1 37 

6tt 

ft 79 

10 09 

13 64 

i 1.02 

1.37 

1 .60 

6 82 

30. 17 

11 74 

95 

1 37 

. 60 


These diets were fed to 14 lots of male birds, 7 of which were fed ad 
libitum and 7 of which were fed at a limited level approximating 70 
percent of* the idealized normal level of feed intake. The daily feed 
allowance for the limited-fed lots was calculated from the data 
compiled by Titus, Jull, and Hendricks {17) for males of this same 
cross. 

Records were keptr of the live weights of the chicks at the end of 
each week, of the quantities of feed consumed per chick per week, and 
of the mortality in each pen. The great volume of data compiled 
makes their complete publication impractical, hence only representa¬ 
tive data are presented. The ages of the birds for which the data are 
presented are those at wliich cockerels are ordinarily marketed. 
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EXPERIMENTAL DATA 

MORTALITY 

The data in table 3 show the mortality by periods for the several 
lots. During the first 8 weeks the mortality was greater among the 
limited-fed birds than among those consuming their feed ad libitum. 
It was also observed that during this period there was a tendency for 
the mortality to be greater on the two lower levels of protein intake 
than on the higher levels. During the last 30 weeks of the experiment, 
mortality was due to scattered cases of neurolymphomatosis and in¬ 
juries received in fights. 


Table 3, - Alortality of birds on ihe various diets during the periods indicated^ 
l.OTS FED AT 70 PEIK^EXT OF NORMAL FEED INTAKE 


OuM N<i 


1 - 
2 .. 

3 

4 

i) . 





Birds that died during jieriod from 

pri>t<un 
in (bet 

0 to 8 

8 to 12 

12 to 10 

16 to 20 

20 to 30 

30 to 40 


weeks 

Wrecks 

w'wks 

weeks 

weeks 

weeks 

Percnti 

\ujnln‘r 

\'u tuber 

Numbtr 

Xu ruber 

Xuinber 

Xurnhfr 

2fl 


0 

0 

0 

1 

b 

2;i ' 



0 

0 

0 

3 

! 21 

6 ! 


0 

0 

0 

0 

, 19 

4 j 


•1 

0 

1 

2 

i 17 i 

3 j 

1 1 

0 

' 0; 

: 1 ‘ 

0 

1 15 1 

5 ' 

' 2 j 


! 0 ! 

1 ^ i 

; 1 1 

' 13 

1 1 

" i 

! 

i 

! ! 

1 1 

1 H (1) 1 


LoT.<5 FED VI) LUUTLM 




40 to 52 i 
weeks j 


Total 




SumbfT 
2«hf2) 
2f (2> 
l-f(li 
2+f2) 
( 2 ) 
(4) 
5 


1 


V umber 

9 +( 2 ) 
7-^(1} 
10-4-(2) 
5+(2) 
9-f-(4) 
lOr(l) 


1 



1 ; 

9 f 


0 1 

0 

; (1 

1 

; i-+-(2) 1 

2-4-(2) 

2 

_ 


2;1 


0! 

1 ! 

0 

1 1 i 

i It (2) 

2f(2) ; 

8+(4) 

3. . 



i 21 ' 

0! 

0 ! 

0 1 

b ; 

i b ! 

1 3^1) 

M l3) J 

41 (41 

t - 



19 1 

2 1 

0 ! 

b 1 

2 1 


! b 

2f(2) 1 

b-f(2) 

5_ 



17 i 

2 * 

0 i 

b ! 

0 1 

1 0 i 

3 


6+(3) 

6., 



i 15 ; 

1 i 

0 1 

i 

1 

: 0 1 

l-f-(l) 

2+(J) ! 

K f (2) 

7 .. 

. 



4 ; 

1 

"i 

1 ' 

t 

1 1 

1 

i 2 I 

2 1 

2+(l) 1 

12-Mn 


‘ Numbers in parentheses imlieate birds that were killed b^ other birds 


LIVE WEIGHTS 

The mean live weights of the birds in the several lots, together with 
the standard errors of the means, are given in table 4. The data 
show that at all ages the birds fed ad libitum weighed more than 
those fed the same diet with the intake limited to 70 percent of the 
normal. At 8 wrecks of age, and through the sixteenth week, the 
weights of the birds in both groups that received 17 percent of pro¬ 
tein in their diets were greater than the weights of birds that received 
15 percent, and the birds that received 15 percent of pro tern weighed 
more than those that received 13 percent. At 16 weeks of age the 
birds that received 25 and 23 percent of protein were heavier than 
tliose that received 19 and 17 percent, wliich in turn were heavier 
than those that received 15 and 13 percent. The difference in live 
weight between tlie birds that received 13 percent of protein and those 
in the other lots was the greatest at this time. At 20 weeks of age 
the live weight of the birds remained in nearly the same relative order 
as at 16 weeks. By the end of the thirtieth week all the lots fed ad 
libitum, except the one receiving the diet containing 13 percent of 
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j)rotein, had about the same average live weight. In the limited-fed 
lots differences in live weight in favor of the higher levels of protein 
intake persisted through the thirtieth week, but by the end of the 
experiment all the lots had approximately the same average live 
weight. By the end of the fortieth week, tbe birds on the lower levels 
of protein intake in the lots fed ad libitum had attained practically 
the same average live weights as those on the higher levels of protein 
intake. 

Table 4.-- Mean live weights^ and their standard errors^ of birds on the various diets 

at the ages indicated 

LOTS FED AT 70 PERCENT OF NORMAL FEED INTAKE 






Mean live weight at end of - 




Pro- 








Diet No 

teiii in 









diet 

S weeks 

12 weeks 

16 we«ks 

20 W'Ot»ks 

30 weeks 

40 weeks 

52 w ei‘ks 


J*erc(‘nf 

Grams 

Grams 

(trams 

(trams 

(trams 

Grams 

Giambi 

1.. 

2o 

r>0()±24 


1. 7094-36 

2,0.384-41 

2. 574 467 

2, 837 472 

2, 761-f 73 

2. 

23 

570 ±25 

1.074 £39 

1,60H4.3.S 

1,973442 

2, 4284-69 

2. .5714 75 

2,7134 76 

.‘i .... 

2J 

573^:22 

1.078£33 

1,6114:32 

],S9<i4:36 

2.4094.59 

2, 6.57463 

2, f)394 65 

4 .. 

H) 

535-db24 

9864:38 

1,4704:36 

1,8154 41 

2, .301461 

2. 544472 

2. .58447.1 

.*5.. 

17 

670±:22 

I,0l04r34 

1.480 433 

1. 885437 

2, 377461 

2, 631465 

2,639-i 67 

6 . 

15 

m±24 

9174:38 

1,4034:36 

1,7754:41 

2. 338461 

2,711472 

2.7101-73 

7. 

13 

1 

390d;20 

1 

7104:41 

1,0894:39 

1,4844 44 

2. 244 4 72 

2 53C-478 

2,707 479 



LOTS FED AD LllUTTM 




j__ . 

25 

669i.23 

1.2.564:35 

1, **934 34 

2. 31H43H 

3, 088 i 62 i 

3, 1424.67 i 

' 3.101.1 69 

2 

23 

67H±26 

1.22741.41 

1,8624:39 

2,25154:11 

1 3.1H)1472 I 

3 2414.78 j 

1 .3. 111479 

3.' 

21 j 

(;51=b2S 

1,1214:42 

1,7344:41 

2.287 4 46 

1 3. 094 4 77 1 

3,120-4-81 1 

3,0.51:18.1 

4. 

111 

5904:24 

1,136-4-36 

1 777±35 

2, 261439 

.3,031 ±65 ! 

3,08.5470 1 

2,967 4 71 

5. 

17 

655±;26 

1, 1934:41 

1,6924:39 

2,0104 44 

3, 067 172 

3. 10.5-1 78 ' 

3, (KH479 

6. 

15 

559±24 

1.092±:i6 

1,6374:3.5 

2, 011 439 

.3.001466 1 

3, 1414 70 i 

.3,0(.K)-171 

^. 

• 13 

4674:25 

7734:39 

1.1604:38 

1,672-442 

2.724469 i 

! 

3. 110475 j 

1 

3,024.476 


Although the data in table 4 show that there wore appreciable dif¬ 
ferences in mean live weight among the lots that received the diets of 
higher protein content, in many instances those differences wore not 
statistically significant. However, at the age of 8 weeks and through 
the thirtieth week, there were statistically significant differences be¬ 
tween the lots fed high- and those fed low-protein diets, regardless of 
whether the feed intake of the birds was hmited or not. 

FEED CONSUMPTION 

The average cumulative feed consumption of thebirds at represent¬ 
ative ages is given in table 5. In the lots fed ad libitum, the birds 
receiving the highest percentage of protein ate the most feed per 
week during the first 30 weeks of the experiment. During the last 
22 weeks tfcre was no consistent relationship between the protein 
content of the diet and the quantity of feed eaten by any of the lots 
of the ad libitum group. 
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'pATiLE 5. (UitnnJaltvf' feed consumption per bird on the various diets at the ages 

indicated 

LOTS FED AT 70 I'RIK'RNTT OF FORMAL FRET) INTAKE 


1 

I'rdloin i 


Average feed consunii)lion during- 

— 


in diet 


1 






1) to h 

11 to 12 

0 to 19 

0 to 20 

U to 30 

0 to 40 

0 to 52 


weeks 

week.s 1 

i_ 

ww;ks 

W’eeks 

w eeks ; 

__ __ ! 

weeks 

weeks 

J^trvi vf 

Crmns 

1 

(iramft ' 

(!rn nix 

Oramx 

(Jramx 

Grams 

. 

Grams 

25 
23 1 

21 f 


: 

i 






19 , 
17 i 
15 ; 
1.1 ' 

l.-ia'l 

3,997 ! 

i 

170 

7, 495 

13, 788 

20,340 

28,224 


1 

I.OT 

1 

■S FED AD 

LIBIT 

I'M 

' 

- — 

! --- 

25 

2. 553 


9, 199 ! 

! 12,92.5 

21,499 ! 

:iO,924 

i- _ 

12, 303 

2.1 ! 

2. 378 

1,442 t 

7,448 1 

1 9,934 

18.918 1 

29.098 

42,973 

21 

1.H22 

3,992 1 

9,714 ! 

1 9.523 

18.945 

29, 44J 

42, 83.5 

19 ; 

1.942 

3.489 i 

9,784 i 

1 9, ,508 

18,948 ; 

27, 7.58 

38,923 

17 1 

2. l).57 

4.424 i 

7,988 1 

1 9,709 

18,715 1 

28,318 

1 40.997 

15 ' 

1,874 

4. 192 : 

9.4.59 1 

I 9,570 

18,2.51 

27. 331 

' 38,125 

13 ' 

1,893 

! 3. 2K1 i 

.5,878 ! 

8.718 

IH, 112 j 

28, 105 

1 40.741 

i 




- 

i - .. ' 


1 _ 


In rontmst to the findings of McConaehie and othei*s (7), no 
abnormality in eon tour, texture, or barring of feathers was found in 
any lot. regardless of the level of protein intake. No bird in this 
exjierinuuit showed any symptoms of porosis. 

ANALYSIS OF THE DATA 

Trends in the growth of the birds and in the utilization of feed 
and protein are revealed more clearly by plotting the data after they 
have b(*en smoothed by the nu'thod of moving averages. Figure 1 
shows the smoothed average live weights, plotted against age in 
weeks, of the limited-fed lot<s and those fed ad libitum. In figures 1, 
2, and 8 the curves for the lots fed diets containing 19 and 28 percent 
of protein have been omitted to prevent <*rowding the charts. 

In the group that was fed ad libitum, as well as in the group that 
received only 70 percent of the normal level of feed intake, the higher 
the percentage of protein in the diets the greater were the average 
live weights of the birds up to the time they reached mature weight. 
Tlie birds reached mature weight in the inveme order of the tjuantity 
of protein thej^ had consumed. In each group the lots receiving 17 
percent or more of protein did not differ markedly from one another 
but showed a distinct advantage over those receiving 15 percent of 
protein and a very pronouncecl advantage over those receiving 13 
percent of protein. ()n all diets the birds fed at the limited level of 
feed intake ceased to grow when they wore approximately 88 percent 
as heavy as those fed the same diets ad libitum. 

The live weight of the chicks fed ad libitum jvere in the same order 
as the protein contents of their diets during the first 14 weeks of age. 
With the exception of the two lots fed 13 percent of protein in.the diet, 
the gains per w^eok of the chicks fed ad libitum and those fed a limited 
diet increased until tlie fourteenth week and then gradually declined 
until the forty-fourth week. The w^eekly gains of the two lots receiv- 
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iiig 13 percent of protein did not reach a inaxiinurn until the seven¬ 
teenth week, but the birds in these two lots gained more weight between 
the seventeenth and forty-fourth weeks than any other lots of their 
respective groups. Although their gains were not so uniform, the 
birds in the group fed ad libitum gained more rapidly in all cases than 
the birds fed the same percentage of protein in the limited-fed group. 
During the first 14 weeks it was found that the magnitude of the 


2.800 
2,600 
2,400 
w) 2,200 

I 2,000 

S 1.800 
^ 1,600 
□ ‘.400 
^ 1,200 
> 1,000 
800 
600 
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6 8 10 12 14 16 16 20 22 24 26 28 30 32 34 36 38 40 42 44 4 6 48 50 52 
AGE (WEEKS) 


Figure 1 —C’omimrison of live weiRhts of chickens, plotted against age, of the limited-fed (A) and of the 
ad libitum-fed (/i) lots receiving various levels of protein in their diets. (Data smoothed by method of 
moving averages) 


averaije weekly gain in both groups was closely associated with the 
quantity of protein consumed; however, after the fourteenth week it 
was much less so. 

The relative rates of gain were plotted according to the method used 
by Heuser and Norris (4) and compared with their published curves. 
T^he resulting curves resembled inverted curves of diminishing incre¬ 
ment. Tlie relative rates of gain reached zero at about the forty-fourth 
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week. Tlio only irrejjnlarity \vas exhibited by tlie curve for the lot 
fed, ad libitiiin, the diet containinji: 13 percent of protein. The rela¬ 
tive rates of gain for this lot showed a slight rise from the twelfth to 
the eighteenth week and a more gradual decline thereafter. The chief 
differences between diets were that during the first 10 weeks the higher 
the percentage of protein in the diet the higher the relative rate of gain 
and after the twentieth week the higher the percentage of protein in 
the diet the lower the relative rate of gain. The birds on limited feed 
made lower relative rates of gain during the first 2 weeks than those 
fed, the same diets ad libitum. Thereafter the relative rates of gain 
for birds on limited and on ad libitum feed of the same percentage of 
protein w^ere almost identical. This indicates that as long as the diet 
IS adequate for growth the type of curve followed by the relative rates 
of gain is not changed by the percentage of protein in the diet fed. 

When average live weights are plotted against cumulative feed con- 
snmj)tion, the resulting curves for the lots on limited-feed intake arc 
one above another in the order of increasing percentage of protein in 
the diet, as shown by figure 2, ..1. However, figure 2, /i, shows that 
when the same diets were fetl ad libitum, the curves are one above 
another for the lots fed diets containing from 13 to 21 percent of pro¬ 
tein, but the data show that the curve for the lot receiving 25 percent 
of protein would be below that for the lot receiving 21 percent of pro¬ 
tein. Furtherniore, the curve for the birds receiving 25 percent of 
protein is between those for lots receiving 15 and 13 percent of protein. 

Wien average live weight was plotted against cumulative protein 
consumption (fig. 3, ..1, /f), it became evident that the most efficient 
utilization of protein was by the birds receiving 15 percent of protein 
in each group The ligures indicate that the lots fed 15 percent of 
protein were followed, in the order of decreasing efficiency of protein 
utilization, by thosie that received 17, 13, 21, and 25 percent of protein 
in their diets. However, in the group fed a limited diet, the data in 
the next to the last column of table (> indicate that the lot that received 
a diet containing 17 percent of protein was slightly more efficient in 
the utilization of protein than was the lot that received a diet con¬ 
taining 15 percent. This is also shown in figure 5, ^1. In the group 
fed ad libitum, the lot that received 25 percent of protein was strik¬ 
ingly less efficient in its use, in spite of its very rapid growth. 


CALC'IJLATED PAHAMETERS AN1> CONSTANTS 

The equation of the ciiiwe of diminishing increment may be written 

(i) 

The first deriv ative of this equation is 


(fir. 




(2) 


If is defined as the efficiency of feed utilization, E, and if C is 
written in place of kAj the first derivetiv^e becomes 

E-^C-kW (3) 

which is the equation of a straight line. 
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A represents the luaxininin live weight attainable, on a given diet 
at a given level of intake ; B is equal to minus the weight at the time 
of first feeding, and hence represents the maximum gain attainable; 
(7 is the gain in live weight that a unit of feed could prodiice if no feed 
were required for maintenance; k is the rate of decrease in efficiency. 
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LOT FED DIET I (25 PERCENT PROTEIN! 
LOT FED DIET 5 (21 PERCENT PROTEIN) 
lot FED DIPT 5 ( 17 PERCENT PROTEIN) 
——• lot FED DIETS ( 15 PERCENT PROTEIN) 
— LOT FED DIET 7 (13 PERCENT PROTEIN) 

—_I _L_i_ 


Li-.L 


4,000 8,000 12,000 16,000 20,000 24.000 28,000 32 000 36j000 40,000 44.000 

CUMULATIVE FEED CONSUMPTION (GRAMS) 



r-- 
I 

LOT FED DIET I (25 PERCENT PROTEIN) „ 

LOT FED DIET 3 (21 PERCENT PROTEIN) 

LOT FED DIET 5 (17 PERCENT PROTEIN) - 

-LOT FED DIET 6 (15 PERCENT PROTEIN) .. 

•'T— lot fed DIET 7 (13 PERCENT PROTEIN) 

_ i-rrrrt-rriTft't' 

4,000 8,000 12,000 16,000 20^00 24,000 26,000 32,000 36^000 40,000 44,000 
cumulative feed consumption (grams) 

Fkhtue 2. (Comparison of livi' weights of chickoms, plotted against cumulative feed consumptioii, of the 
limited-fed (.1) and of the ad liiutuin-fed (B) lots receiving various levels of protein in their diets, (Data 
smoothed by the method of moving averages.) 

In other words, k is*the amount by which the effidency is decreased 
as the < 5 hicken gains one unit (1 g in this paper) of live weight. The 
quantity A*H represents the loss in efficiency due to the maintenance 
requirement. 
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If it’is divided by the percentage ol protein in the diet, the result 
is the efiicieney oi ptotein utilization Likewise if f^is divided by the 
pereentujre ol jmitein in the diet, the result (next to last colinnn of 
table (») is the ^ain in live weight that a unit ol protein could pioduce 
if none weie used foi maintenance. 
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cumulative protein consumption (grams) 


iHii HP \ roiiiparison of luo woiphts of chicken^ plotted flftaiust ciimulatno protom consumption of 
the limitod-fod ( 1) am! of flic ucl libitum ftd (B) lots rotcnina \arious leviK of protun in thur duts 
(Data smoothed b> tlie metliod of moving average s ) 


When F^Oy E in equation (3) is equal to kB, that is to say, kB is 
the elficiency at first feeding, or the initial eflicienc.y li, the Spillman 
ratio, is the numerical value of and is equal to the inverse ratio 
of the gain in live weight resulting from any two successive units ol 
feed consumed. 
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\veight expressed as percentage of A. Tlie use of the percentages of 
inaxinuiiu attainable live wciglit as abscissas in these figures is per¬ 
missible because, as is indicated by the standard errors of A in t able fi, 
no significant difference was found between the mature weights of any 
two lots in either group. However, the average value of A for the lots 
fed at 70 percent of the j)ormal feed intake is significantly less than 
that for the lots fed ad libitum, and this difference should be kept in 
mind in comparing any lot in one group with any lot in the other group. 
In any case, the common i)oint of zero efliciency established by using 
the perc(Mitjige of maximum live weight instead of maximum live 
vveigiit itself helps to sliow^ more simply the difierence in efficiency of 
the lots within each group. Figure 5 illustrat€>s a similar lim'ar rela- 
tionshij) between values of 

K 

percentage of protein in the diet 

and tlie percentage of the maximum live weight. Figures 4 and 5 
demonstrate that the efficiencies of fee<l or protein utilization at any 
given live weight are in the same relative order that they ai*(‘ at the 
initial live weight. 

DISCUSSION 

Mortality, which at times is the only clue to unknown nutritional 
deficiencies, was significantly associated with nutrition but twice in 
this experiment. In one instance limitation of the intake of feed 
(emu'gy) was the cause; in the otlier, limitation of the (juantity of 
protein. 

Up to the time that the birtls in eacli lot reached a mean live w’eight. 
of 1,7)00 g, the birds in the limited-fed lots used their feed more 
efliciently than those fed the same diets ad libitum. However, the 
limited-fed lots recjuired more time than the ad libituin-fcd lots t-o 
reach any given mean live weight. 

At the end of the (X])eriTrent, the birds that had been fed at the 
70-])ercent level of normal feed intake weighed, on an average, 8S 
l)ercent as much as those fed the same diet ad libitum. Their feed 
consumption averaged 09 percent of that of the birds fed ad libitum, 
and thus their gross efficiency of feed utilization for the experiment was 
higlier than that of the biixls fed the vsame diets ad libitum. However, 
the birds in the group fed ad libitum reached an average weight of 
2,700 g at 20 weeks of age, at which time they had eaten an aA^erage of 
14,000 g of feed. The birds in the limited-fed group did not reach an 
average weight- of 2,700 g until 48 weeks of age, by whicli time they 
had eaten an average of 20,300 g of feed. Hence, in spite of the higher 
gross efficiency of feed utilization of the limited-fed group, the birds 
fed ad libitum attained a weight of 2,700 almost twice as efficiently, in 
respect to feed consumed, us the limited-fed group. ObA'iousIy this 
was due to the fact that- the birds in the limited-fed group had to be 
maintained 22 wrecks longer than those in tlio other group before the 
average of 2,700 g wu»s reached. Tins instance \s an example of the 
fallacies that may be derived from reliable data when efficiencies of 
feed or protein utilization are compared at a given age. 
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As shown in table 5, during the first 16 weeks the two Jots that were 
fed, ad libitum, diets containing 25 and 23 percent of proteiri’— 
especially the one receiving 25 percent—ate much larger quantities 
of feed than any of the other lots. Since they grew but little faster 
than the lot fed 21 percent of protein, it seems quite possible that the 
high protein intake stimidated their appetites to such an extent that 
they consumed more feed than they could digest and absorb. Un¬ 
fortunately, there is at present no definite way of testing the validity 
of this explanation because of the lack of information about the nitro¬ 
gen metabolism of birds fed high protein diets ad libitum. It is 
worthy of note that according to the smoothed average-live-weight 
curves (fig. lA) the birds in these tw^o lots averaged more in live weiglit 
at all ages to maturity than did the birds in any of the more efficient 
lots. Thus, if rapid growth w^ere the only consideration, the diets 
would increase in value in the order of tlieir protein content, at least 
between the limits of 13 and 25 percent of protein. When feed costs 
must be considered, the use of 25 and 23 percent of ])rotein fed ad 
libitum wumld not be justified on the basis of this experiment. 

Since the values of C were derived by fitting the equation of the 
first derivative of the curve of diminishing increment to the observed 
data on feed consumption and live weight, it was possible to estimatt* 
the standard errors of these values of (\ Examination of tlie standard 
errors of the values of C shows that, altliough there is a. definite and 
regular upward trend in the value of Twith eacdi increment of protein 
for the limited diets, the differences are not statistically significant 
except between the two low'est levels of protein intake and between 
each of the two lowest levels and all others. In the lots fed ad libitum 
the value of C tended to increase as the protein in the di(»t increased 
from 13 to 21 percent, and then to decrease. In these same lots there 
wT.re significant difl’erenccs between the values of C for the followiiig 
levels of protein intake: 21 and 25, 21 and 13, and 15 and 13. The 
deviation of C for the 19-percent level from its logical jiosition be¬ 
tween the values of C for the 17- and 21-percent levels is far from 
being statistically significant. 

Since C represents the Irnaximuin value that can take, the point 
at 0 live weight on each line in figure 4, A and /f, is the C for that lot. 
From figure 4 it can be seen that at any specified live w^eight the efli- 
ciencies of feed utilization of a series of diets are in exactly the same 
relative position as the values of C, the maximum theoretichl efficiency. 
This point is important since the erroneous impression is fre(|ucntly 
gained, when efficiencies are plotted against age, that the lower pro¬ 
tein diets are used more efliciently than the high protein diets in the 
later phases of growth. The reason for this impression is that birds 
on low protein diets usually do show more efficient use of feed at any 
given age after about the sixteenth week until their growth is com- 

E leted. However, the fallacy in the reasoning is that, although the 
irds compared are of the same age, they are of different live weights 
and are in different phases of growth. When the birds on the low 
protein diets reach the same live weights as those with which they are 
compared on an age basis, it is found that they use their feed even less 
eflBciently to gain any specified percentage of their maximum live 
weight. 
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In actual practice, these findings may not be of great importance, 
be(*.ause the slight loss in efficiency resulting from feeding a lower pro¬ 
tein diet during the later phases of growth may be off'set by a com¬ 
pensating drop in the cost of a lower protein diet. 

In comparing figure 4, A and B, it should be kept in mind that 100 
percent of the maximum live weight in the limited-fed group is equal 
to an average of 88 percent of the maximum live weight of the group 
fed ad libitum. 

Since the Spillman ratio, R, is equal to the values of R fall in 
inverse order to the values of k. From this it follows that the more 
rapid the rate of decrease in efficiency the lower the corresponding 
S])illman ratio. In this study the low ]>rotein diets gave the slowest 
rate of decrease in efficiency because of their low’^ initial efficiencies; 
also the 25-percent ])rotein diet fed ad libitum had a low^ rate of de¬ 
crease in efficiency for the same reason. It is evident that as the 
efficiency of utilization of the diets increased as a result of the increase 
in protein content, the magnitude of the Sj)illman ratios of the diets 
de(*reased. This is due to the fact that all lots of birds wdthin each 
group reached approximately the same mean live weight at maturity. 

For those who have followed the work of Spillman (Spillman and 
Lang (Z^)) and that of Titus, Jull, and Hendricks (f7), this finding 
may seem to contiadict previous results. When the same diet is fed 
at dilferent levels of intake, as in the experiment made by Titus and 
associates (17), the initial efficiencies are nearly ecpial, but the final 
live weights for the different levels of intake are in the same order as 
the energy content of the feed consumed, luider such conditions the 
lots that attained the greatest average live weight would have the 
slowest rate of decrease in efficiency and hence tin* highest Spillman 
ratio. Thus it is possible for the Spillman ratio to be affected in one 
way when the feed intake is reduced but in the opposite way when the 
])rotein content is reduced. This statement is also truc^ of k and C, 
Ilence, any one of these constants by itself is of little value in evaluat¬ 
ing the desirability of a diet. However, when A, k, and (\ or A, R, 
and (\ are taken into consideration at the same time they constitute 
an excellent basis for comparing the desirability of diets. 

The utilization of tlie protein in the diet for growth is shown in a 
convenient form in figure 3, ^1 and /i. The facts shown by figiire 3 
are substantiated by the values of 

r 

percentage of protein in the diet 

in table 6 and by figure 5, A and B, show ing the straight-line relation¬ 
ship between 

E 

percentage of protein in the diet 

and H', expressed as percentage of .^1. All evidence points to the same 
conclusion, namely, that writh the exception of the lot fed the 13- 
percent protein diet, the efficiency of protein utUization by the lots in 
the ad libitum-fed group decreased with each increase in increment 
of protein. In the limited-fed group the same was true for the diets 
containing 17 percent or more of protein. It also follows that, since 
the more protein the birds ate the fast-er they grewr, the faster tlie birds 
grew the less efficiently they used the protein of their diets. 

70121—38-2 
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After mature weight IukJ been reached, the birds on the diet that 
contained only 13 percent of protein maintained their live weight as 
well as those that received higher percentages of protein. 

SUMMARY AND CONCLUSIONS 

Comprehensive data were obtained on the relationship between the 
level of protein intake and live weight, feed utilization, and protein 
utilization of cross-bred male chickens. Rhode Island Red males arul 
Barred Plymouth Rock females comprised the parent stock. Diets 
ranging from 13 to 25 percent of crude protein, by increments of 2 
percent, were fed to seven pens of males ad libitum and to seven pens 
of males at 70 percent of an idealized intake for this cross for a period 
of 52 weeks. The weight of feed consumed per chicken per week and the 
live weight- of the chickens at the end of each week were obtained. 

Standard errors of the mean live weights were (‘alculated at several 
ages, and the statistical significance of the differeiu’cs between the 
means determined. The smoothed average live weights were ])lotted 
against age, feed consumption, and protein consumption. 

The equation of the curve of diminishing increment was fitted to 
the data recorded for each of the 14 lots of chickens. Tabulations 
w’cre made of the following parameters and their standard errors: A, 
the maximum live weight attainable; (\ the efliciency of the diet 
when there is no maintenance requirement; R, the maximum gain 
attainable; the rate of decrease in efficiency; ajid 7/, the Sjullman 
ratio. 

Values of kBy the efficiency at first feeding, and 

(7 

c percentage of protein in the diet 

the maximum gain theoretically possible per unit of protein consumed, 
were computed. Likewise the values of 

_ E 

p<Tcenta^e of protein in the diet 

were plotted against W ex|)ressed as percentage of 

When E was ])lotted against \V expressed as percentage of it 
was found that the decline in efficiencies followed straight lines that 
reached a common zero point at A. Thus, it was showdi that the 
efficiencies of feed utilization on the several diets at any sf>ecified live 
weight w^ere in the sjime order as the values of O for those diets. In a 
similar manner the gains per unit of protein consumed on the different 
diets at a given live weight were shown to fall in the same order as tlie 
values of 

___ C .. 

percentage of protein in the diet 

for those diets. 

During the first 14 Y^eeks the average live w’^eights wore found to bo 
in the order of the quantity of protein consumed. After the fourt-eenth 
week the advantage in growth previously .obtained by the birds on the 
higher protein diets was maintained to maturity but no further ad¬ 
vantage was gained. 
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On the basis of feed consumed the chickens fed 21 percent of protein 
were the most efficient of the lots fed ad libitum, and those fed 25 per¬ 
cent of protein were the most efficient of the limited-fed lots. 

On the basis of protein consumed, the chickens fed 17 percent of 
protein were the most efficient of the limited-fed lots and those fed 15 
percent of protein were the most efficient of the ad libitum-fed lots. 

Decrease in the efficiency of feed or protein utilization was found 
to be a linear function of live weights. 

The more closely the birds approached their maximum live weight 
the smaller became the diflerence between the efficiencies of feed 
utilization. 

All lots within the group fed ad libitum reached approximately 
the same live weight by the fortieth week. All lots in the limited-fed 
group reached approximately equal live weights by the fifty-second 
week. The more protein a lot of birds consumed the sooner the birds 
in that lot reached maturity. 

The birds in the limited-fed lots used their feed more efficiently 
up to a live weight of 1,500 g, although they gained more slowly than 
those in the lots fed ad libitum. The high initial efficiencies of the 
former lots decreased more rapidly than the relatively low initial 
efficiencies of the latter lots. As a result, they required considerably 
more feed to attain an average weight of 2,700 g than did the lots fed 
the same diets ad libitum. 

Wlien the feed consumf)tion was restricted to 70 percent of the 
normal intake, the Spillman ratio decreased as the level of protein 
intake increased. The result was the same when the birds were 
allowed to eat all they wanted, but in this case the decrease continued 
onlv until the level of protein intake was 21 percent, after which the 
Spillman ratio tended to increase. 

l^'or birds of the same age the more protein consumed per bird per 
week the greater is the average gain per week until the inliection 
point on the growth curve is reached. 

Accurate com])arison of the efficiencies of feed utilization is greatly 
simplified if efficiency is considered as a function of live weight rather 
than as a function of age. 

For birds of the same live weight the relative position of the effi¬ 
ciencies of a series of adeciuate diets fed under identical conditions 
always tends to be the same. 

When the diet contains all the factors necessarv for growth, the 
(*urve followed by the relative rates of gain is similar in shape to an 
inverted curve of diminishing increment, and its general type is not 
changed by the protein content of the diet. 

The constants of the curve of diminishing increment should be used 
in the combinations A, k, and t\ or ^4, /?, and (7, but never singly, 
to evaluate a diet. 

Of the diets iisecl in this exj>eriment, when consumed ad libitum, 
the one that contained 21 percent of protein was the most efficient 
for growth. It is therefore concluded that 21 percent of protein is 
near the optimum for growing chickens of all*ages when the diet is 
fed ad libitum. In the case of the limited-fed group the efficiency of 
feed utilization continued to increase as the level of protein intake 
was increased from 13 to 25 percent. 

After a bird has reached approximately half of its mature weight 
the difference in efficiency between a diet containing 21 percent of 
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protein and one containing 17 or even 15 perce'.nt of protein may be 
small enough to justify, in the interest of economy, the use of a diet 
containing the lower percentage of protem. 

After maximum live weight has been reached, 13 percent of protein 
is adequate for the maintenance of male chickens. 
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ENERGY REQUIREMENTS OF SWINE AND ESTIMATES OF 
HEAT PRODUCTION AND GASEOUS EXCHANGE FOR USE 
IN PLANNING THE VENTILATION OF HOG HOUSES ‘ 

Hy H. H. Mitchkll, chief in animal nutrition^ Department of Animal JIusbandry, 
Illinois Agricultural ExpenmeM Station^ and M. A. R. Kelley, agricultural 
engineery Division of Structuresj Bureau of Agricultural Engineering^ United 
States Department of Agriculture 

INTRODUCTION 

A few years a{j:o, the writers {24Y published estimates of the daily 
output of heat, carbon dioxhle, and water by various kinds and 
eomlitions of poultry for the use of the agricultural engineer in planning 
the ventilation of poultrj^ houses. The present paper is an extension 
of this line of work to swine, supplementing and, to some extent, 
conlirming the somewhat fragmentary estimates previously made by 
Armsby and Kriss (2). 

The data presented in this paper are also of significance to the 
problem of the energy requirements of growing, gestating, and 
lactating swine. They are the result of an analytical study of the 
energy requirements of swine for each of the various animal functions 
as revealed by published information, and of an integration of these 
reejuirements to apply to pigs of any particular age (or weight) and 
condition. This method of study, involving the differentiation of 
animal functions for separate measurement and study and the integra¬ 
tion of tliese measurements for application to any particular animal, 
is scientifically sound and, because of its Ikwibility, is widely applicable. 
If at this writing the method cannot be followed through with perfect 
assurance with reference to any particular species of animal, the 
difficulties in so doing will be perfectly obvious and will indicate 
clearly the most significant problems for future research. 

METHODS OF ESTIMATION 

The general procedure follow'ed in estimating the energy require¬ 
ments of swine has been to factor out and to assess as accurately as 
possible all of the items contributing to the expenditure and storage' 
of energy, and then to integrate these factors for pigs of different 
weights and condition. Estimates of the net availability of the 
metabolizable energy of food permit the conversion of net energy to 
metabolizable energy values, and from the latter, dry-matter require¬ 
ments may be estimated for wsoine more or less typical ration. Sum¬ 
mation of energy expenditures (basal metabolism, muscular activity, 
heat increment of feed) leads to an estimate of heat production, and 
from the latter estimates of the probable output of carbon dioxide and 
of the usual and maximal output of w^ater vapor may be made. The 
sources of information in all these estimations will first be considered. 
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Basal meiabolism .—The basal metabolism of pigs of different 
weights has been quite extensively studied by Brody (7) and by 
Deighton {10), using castrated male pigs and female pigs. The 
measurements obtained have been analyzed statistically by Brody. 
For pigs weighing from 50 to 275 kg, the equations fitted to the two 
sets of data give predictions that agree very closely. For pigs weigh¬ 
ing less than 50 kg., Brody^s data are too few to confirm or refute the 
data of Deighton. In estimating the basal metabolism of castrated 
male and female pigs for the purposes of this report, the prediction 
equation derived by Brody from Deighton’s data have been used. 
These equations are— 

P'or pigs weighing less than 50 kg: 

m 

For pigs weighing more than 50 kg: 

i 10 
ni 

where Q is the basal heat production in calories per day, m is the 
weight of the pig in kilograms, and e is the base of natural logarithms. 

For uncastrated male pigs, the data of Brody appear to be the 
only information available, the prediction equation being 

^ 34^ -0 0J62m_i, ^ n 

m 

Available information does not indicate an}^ considerable difference.s 
in the basal* metabolism of pigs due to breed or type, Deigh ton’s 
data (10) notwithstanding. 

Muscular activity .—The maintenance energy requirement of an 
animal includes, besides the basal expenditure, a quota of energy 
expended in a degree of muscular activity presumably more or h^.ss 
characteristic of the specuis. The size of this (luota has not been 
measured with any considerable degree of accuracy either for the pig 
or for other farm animals, although the information concerning this 
energy quota and its variation with age, sex, degree of confinenKuit, 
erivironmental conditions, etc., would possess much scientific aiul 
practical importance. Wood {SO) has attempted an indirect determin¬ 
ation of this quota by deducting from the estimated net energy intake 
of various groups of growing pigs the energy estimated to have been 
expended in the basal metabolism and the energy estimated to have 
been stored in the tissues. Wliile the results vary gieatly, they led 
Wood to the conclusion {36, p. 439) that— 

the normal daily expenditure of energy on muscular effort by a well-fod and tended 
Large White pig is iji the neighborhood of 1000 calories per day, which is equiva¬ 
lent to 1 lb, per day of any standard mixed pig meal. This figure varies widely 
from week to week according as the conditions induce more or less muscular move¬ 
ment. If the animals are quiet and contented it is low. If they have to scramble 
for room at the trough or if they are distressed by hot weather it is high. As it 
yields no leturn at all in the fonn of increased, live weight, the importance of 
keeping it low by good management is strongly emphasized. 

The daily expenditure of energy for muscular activity appeared to 
be as large for the little pig as for the big one. 
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Whilt' it is difficult to point out any gross error in these calculations 
of Wood, tluM-e is very good reason to believe the estimate of the 
activity energy quota is considerably too high. Mitchell and Hamil¬ 
ton {2S) found that 1 pound a day per 100 pounds live weight of a' 
ration composed of corn, middlings, and tardvage was ade(|uate to 
maintain pigs weighing 225 pounds in energy equilibrium under the ^ 
practical conditions of dry-lot feeding. For pigs weighing 50 to 70 
pounds, 1.5 pounds of the ration used was required per 100 pounds 
live weight. Furthermore, the determined metabolizable energy 
intakes re(|uired for maintenance of energy equilibrium (1,015 cal.) 
e.xceeded the estimated basal metabolism (841 cal.) by only 174 cal. 
for 50-poimd pigs, and by only 1,295 cal. (3,445 — 2,150) for 225-pound 
pigs. Assuming a net availability of the metabolizable energy of 80 
percent for maintenance (see below), leaves no quota of energy for 
activity for the 50-pound pigs and only 600 cal. for the 225-pound pigs. 

Breirein (/>), working in Kl0llgaard’s laboratory, estimates the main¬ 
tenance* re(|uirement of pigs from the equation 

where is the daily requirement of net energy (for pigs, not for 
cattle, as in the original formula; the constant 2,101 — 1,450 :“0.69) 
and ir is tin* body weight of the pig in kilograms. This formula, 
obtained from experimental data on bacon-type pigs, gives very 
nearly tlu* same* values for maintenance as Brody’s ecpiations (based 
on Deighton’s data) give for basal metabolism (table 1). 
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Breirem adds to his maintenance quota of enei^y, a quota for pro¬ 
duction in order to obtain a total requirement. Thus, in this scheme, 
no provision is made for a quota of energy dependent upon muscular 
activity outside of that contained in the maintenance requirement. 

From Swedish cooperative feeding tests, Edin and Melleday (12) 
estimate the maintenance requirements of growing swine in feed units 
by the following equation: 

? 7 =- 2 . 72 + 0 . 0164 -r 

• 

in which </—feed units required per 100 kg body weight and r—body 
weight in Idlograms. The feed units so computed are given in table 1. 
In converting these feed units into net energy, use is made (1) of Popoff’s 
{S6) recent determination of the net energy value of barley for the 
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fattening of swine, i. e., 1,960 cal. per kilogram, and (2) of Breirem's 
finding (6*) that in swine the net energy of a feed for fattening is only 
89 percent of its net energy for maintenance. On these assumptions, 

’ I kg of barley, or 1 feed unit, would have a net energy value for main¬ 
tenance of 2,202 cal. The net energy requirements for the nialnte- 
nance of swine thus computed from Edin and Helleday’s equation are 
given in column 5 of table 1. They show increments over the Deigh- 
ton basal values ranging from 160 to 702 cal. daily, or, in percent of 
the basal, from 10 to 49, averaging about 30. 

Rapport, Weiss, and Csonka {27) noted increases of heat production 
of 12 percent when a pig was restless in the respiration chamber, and 
an increase of only 35 percent when ^^much movement was noted.’’ 

Contrary to the conclusion of Wood, it ap])ears that the energy 
expenditure by swdne in muscular activity is a comparatively small 
item. For the purposes of these estimates, it has been assumed that 
this quota equals 20 percent of the basal energy expenditure for swine 
of all ages and conditions. Most certainly the information on this 
point needs confirmation and supplementation. 

Growth a7id fattening ,— The rate of body weight gain by growing and 
fattening pigs has been taken from Missouri (15) and Ohio i2S) rec¬ 
ords and represents a liberal system of feeding. According to Ifogan 
and his cow'orkers (/5), there is no difference betw'een the bacon and 
lard types of pigs as regards rate of gain in the feed lot or (‘oinposition 
of gain on the same ration, wdiile later Illinois {D, 23) results indicate 
the same to be true for different types of Poland China pigs, except 
for a possible inferiority of the Cliuffy type with respect to rate of gain. 
Type differences relate to the distribution of fat on the car(‘ass, not 
to the fat content of the added tissue. 

While type of pig has not been shown to affect energy recpiirements, 
the method 5f feecling employed will determine to some extent not 
only the rate of growth and fattening, but also the composition of 
the gains put on. Hence, estimates were made separately for what 
lias been called American feeding practice and English feeding prac¬ 
tice. For the latter, the data of Wood (30) on rate of gain and the 
composition of gain have^ been used. However, Whetham’s (31) 
results indicate a more even rate of gain of pigs shown at the Smith- 
field carcass competitions, averaging 1.22 pounds per day. For the 
estimates of composition of gain according to American feeding prac¬ 
tice, the data of Hogan and his coworkers (15) and of Mitchell and 
Hamilton (23) have been considered. The estimates finally used for 
the energy value of a pound of gain at the various body w eights are 
given in table 2. 


Table 2. —Estimated energy cmitent of a pound of gain by pigs of increasing body 

weight 


Body weight 
(pounds) 

Energy 
oonieut of 
gain i>er 
pound 

Body weight 
(pouudvS) 

Energy 
c»:)ntent of 
gam per 
pound 

Calories 

1,026 
1,750 
1,860 
2,026 
2,200 

Body weight 
(pounds) 

Energy 
content of 
gain i)er 
pound 

Bo<ly weight 
(pounds) 

Energy 
content of 
gain r)er 
pound 

2.6. 

Calories 

600 

750 

1,000 

1,260 

1,600 

75. 

200. 

226 • 

Calories 
2,400 
2,600 
2.860 
i 3,200 
3,760 

I 

600. 

Calories 

3,960 

4,060 

5-...,. * 

100. 

600. 

JO.._-. 

125. 

260 

26. 

160-.-. 

SOI) 

60.. 

176. 

400 
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Pregnancy. In estimating the requirements of a pregnant 300- 
poiiiKi gilt and a 400-pound sow, it has been assumed that the former 
would be fed to gain 1 pound daily and the latter 0.6 pound. It has* 
been further assumed that, except for the increasing weight of the 
products of conception, the energy content of the gain in body weight 
would contain 2,400 and 3,000 cal. per pound, respectively. The 
gains in weight of the products of conception throughout the gestation 
period of If) weeks, as well as the energy content of these products, 
have been taken from the j)ublication of Mitchell, Carroll, Hamilton, 
and Ilvint {21 ^ table 16). The estimates relate to an average litter of 
eight pigs. 

lMctaiion.— \i\ estimating the energy requirements of a lactating 
4()()-pound sow, it is a.ssumed that she would be maintained in weight 
and energy equilibrium throughout an 8-week lactation period. This 
ideal would probably be only rarely realized in practice, and to the 
extent that practice falls short of this ideal, the estimates of probable 
output of heat, water vapor, and carbon dioxide are too high. The 
daily yield of milk is estimated from the compilation of data published 
by bonsma and Oosthuizen (3), while the energy content of sow’s 
milk, 654 cal. per pound, is computed from the analyses of Hughes and 
Hart (77). 

A^et energy required - The total requirement of net energj^ is equal 
to the sum of all expenditures of energy (basal metabolism, muscular 
activity) wdth the exception of the heat increment due to feed, and 
all storages of energy in grow th, fattening, gestation, and lactation. 

Metabolizable energy required. —\i\ estimating the re(|uirements of 
metabolizable energy from the expenditures of energy in the basal 
metabolism and in muscular activity, and from the storages of energy, 
it was assumed that the metabolizable energy was 80 percent net 
available when used for maintenance and milk production, and 70 
percent net available when used for growth and fattening and for 
intrauterine grow th. 

These values represent compromises betw een more or less discordant 
data. From respiration experiments on swine carried out in Moll- 
gaard’s laboratory, Breirem (6*) concludes that the metabolizable 
energy of the rations fed was 81 percent net available for maintenance. 
Fingerling {IS) obtained an average utilization of 75 percent for the 
metabolizable energy of the basal rations used in his respiration experi¬ 
ments on swdne. Tlieso rations w ere all supermaintenance with respect 
to energy. 

The data on the utilization of energy for fattening are mu(*h more 
numerous. From a number of German experiments on sw ine, Armsby 
(/) has computed the net availability of the metabolizable energy of 
swine feeds for 4utteuing, the estimates varying from 69 to 85 percent 
and averaging 79. Fingerling {IS) found tliat the metabolizable 
energy of potato starch added to supermaintenance basal rations w^as 
utilized to an average extent of 83.5 percent. Breirem (6*) obtained a 
net utilization of only 70 percent of the metabolizable energy intake 
of swine for grow^th and fattening. Feeding and slaughter tests on 
growing swine at the Illinois Agricultural Experiment Station {23) 
indicated an average net availability of 63 percent of the metab6lizable 
energy consumed above maintenance. Similar experiments of Popoff 
{26)y in which barley was added to a basal ration permitting some 
fattening, were interpreted to mean that barley possesses a net energy 
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value of 97.8 tlierms per 100 pounds of dry matter. Assuming the 
metabolizable energy of barley to be 151 therms per 100 pounds of dry 
'matter (i, table W4)f the net availability of the metabolizable energy 
amounts to 05 percent. From Wellmann's feeding and slaughter 
experiments {SO) on eight suckling pigs, the writers have computed 
an average net availability of the metabolizable energy of 84.5 percent 
for both maintenance and growth. 

Dry matter required ,—In converting the requirements of metabo¬ 
lizable energy into terms of dry matter, the latter has been assumed to 
contain 8,350 cal. per kilogram; this value refers in particular to a 
ration of corn, tankage, and middlings {%S), 

Total heat produced ~-T\\c, total heat produced by a pig of any age 
or condition is the sum of tlie heat ex])ended in maintenance (basal 
metabolism and muscular activity) and the heat increment duo to 
feeding. Th(» latter increment is tlie difference between the require¬ 
ment for metabolizable energy and that for net energy. 

Output of wafer vapor, *The output of water vapor is computed for 
all pigs under two sets of conditions. When the temperatue of the 
environment is equal to or is above the body temperature of the pig, 
i. e., 102,5° F., all of tlie body heat will be lost in the evaporation of 
water. In this ejxtreme case, the daily loss of water vapor in grams 
will be equal to the daily heat production in calories (iivd<]ed by 0.58, 
the heat of vaporization of 1 g of water at approximate skin tempera¬ 
ture, 85° F. or so. The percentage of tlie total heat output lost in the 
vaporization of water may vary widely from this maximum as (uiviron- 
niental conditions vary. It will tlecrease to zero whenever the relative 
atmospheric humidity ecpials 100 percent. At low temperatures it 
will be small and wdll increase along a logarithmic, curve p. 7S7), 
It is commonly considered that under usual conditions animals lose 
about 25 percent of their heat in the va])orization of water, and this 
has been assumed in the computations given below , particularly since 
Wierzuchow^ski and Ling {3'^) as w^ell as Rapport, Weiss, and C^sonka 
{^7) have shown that jiigs in the respiration cliamber excrete 20 to 25 
percent of their heat in the vaporization of water. 

Output of carbon dioxlik,—JiUhou^h extremely high respiratory 
quotients (1.40 to 1,58) have been noted for pigs (iuring short periods 
of time in the absorptive jierioil (3:^)^ the 51 respiration experiments of 
Breirem (0) on pigs fed high- aiul low-protein rations, indicate a 
range in respiratory quotients of only 0.99 to 1.25, averaging about 1.1, 
for 24-hour i)erio(]s. An average respiratory (juotient of 1.1 luis been 
assumed in estimating the carbon dioxide j)roduction of pigs from their 
production of heat. At this respiratory quotient 1 liter of oxygen 
possesses a calorific value of 5.156 caJ. It is evident that the output 
of carbon <lioxide indicated in the tablc.s may at times be exceeded by 
40 to 50 percent. 

Estimation of critical temperature ,— In estimating the critical tem¬ 
perature of pigs of any particular weight and condition, that is, the 
tomfierature below^ which extra heat must be generated to maintain 
body temperature, the critical temperature of the fasting pig is taken 
at 68° F., on the basis of the experiments of Cajistick and Wood (8). 
The rise in heat production below the critical temperature seems to 
proceed along a straight lino (8) and to follow Newton^s law of coolii^g 
bodies p. 530), Hence the extra heat required per degree Fall- 
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reiilieit drop in eiiviroiimeiital temperature to maintain the body tem¬ 
perature of the pig is given in each case by the equation 

where BM is the basal heat production p<'r day, and 34 is the differ¬ 
ence hetwTeii the body temperature of the })ig, 102° F,, and the as¬ 
sumed critical Uunperature under basal conditions, (>8°. The heat 
available to meet this added demand is provided by muscular activity 
and by the heat increment of feeding. Hence, the sum of these two 
sources of heat, divided by k as above determined, gives the range in 
(uivironinental tem])erature below the critical temperature of fasting 
within which the availab](' supply of heat, is ade(|uate to maintain 
body temperature. The lower limit of tliis range is therefore the 
criti(‘al one under the specified conditions of activity and feeding. 

It is of course true that (*alculations of this charactc^r are not par¬ 
ticularly reliable, because the critical temperature of an animal wdll 
be lowered by any (‘ondition that increases heat production (activity, 
feeding) or insulates the animal from its environment (increasing 
fatness, hair growth); it will be raised by any (‘ondition that decreases 
heat production (sleep) or increases heat emission at low’ temperatures 
(drafts, increasing humidity). Deighton {10) has obtained indica¬ 
tions of a much lower critical temiierature (16° C\) in a Middle Wlute 
pig than that more accuralely measured by Capstick and Wood (<V). 
Since the ])ig used in the latter study varied in weight from about 200 
to 400 ])ounds during the ])eriod of observation, the calculated (Titi(‘al 
teiufieratures for jiigs within this weight range may be more signifi- 
(‘ant than those calculated for lighter or heavicT pigs. 

Esfimoies for hoor pigs. The data reported in the tables of this 
paper relate to female pigs and castrated male pigs, the assumption 
f)eing that females and unsexed males are similar with reference to 
the physiologi(‘al measurements considered (^/i). No data on boar 
pigs with refen*nce to muscular activity and composition of gains were 
found in the literature. One comparison of the growdh rates of male 
and female ])igs was discovered (ri*?), indk'ating a much more rapid 
growth for th(» former. Brody has demonstrated increases in basal 
metabolism of 10 to 38 percent in male pigs over females of the same 
body weight, the ])ercentage sex increment increasing with increasing 
weight. l\)pon”s ex])eriments (20) on the net CTiergy of barley was 
curried out on boar pigs. However, these bits of information are in- 
adeipmte to permit estimations for boar pigs of the cntTgy require¬ 
ments and the heat and gaseous exchange. 

ITndoubtedly the full male pig is distinguished from the female pig 
of equal weight by a more intense basal juetabolism. a greater rate of 
growdh, and a lower energy content of gains; possibly by a greater 
degree of muscular activity. Thus, the rate of growih of castrated 
male pigs may be greatly increased by administering by mouth a 
testicular preparation (^0, 34)- The re()uirements of the boar for 
energy are probably greater, as would be its ])roduclion of heat, car¬ 
bon dioxide, and w ater vapor. 
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THE RESULTS OBTAINED 

The results of the estimations above described are collected in 
tables 3, 5, and 6, 


Table 3. — Daily food requirements^ heal productionf and gaseous exchange of grow¬ 
ing and fattening female and castrated male pigs, according to American a7id 
English feeding practices 
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» Expressed Jo pounds of food (conlaliiing 12 percent of moisture) required per pound of gain. 

An important test of those more or less uncertain estimates of the 
nutritive requirements of pigs is to compare them with estimates and 
feeding standards proposed on the basis of other evidence. Also, for 
the growing and fattxuiing pigs, the feed economy of gains has been 
computed in the ordinary way, after converting the dry matter 
requirements into requirements for feed containing 12 percent of 
moisture. These ratios of feed to gain are given in table 3. For 
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tlic feeding: according to American practice, the ratios are those 
ordinarily obtained, but for the feeding according to English practice, 
the ratios seem low, the fattening pro(‘ess being much slower. 

Tablk 4.- Compartons of eHtimatvd feed requirements of groxvlng and fattening pigs 
with various proposed standards 
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■ Expressril in t<‘rms of food oontoininc 12 i>orcont of moisture 
* Expressed in food units of 1 kg of con<vntrale feed mixture 


In table 4 the estimated re(|uirements (in kilograms) of growing and 
fattening pigs for feed containing 12 percent of moisture are compared 
with the recommendations of Breirem (6*), Edin and Helleduy (12), 
and llansson and Bengtsson ( 14 ) expressed in Scandinavian feed 
units, and with the lower values in the feeding standard of Morrison 
(25), expressed in kilograms of feed containing 12 percent of moisture. 
All the values given are mutually comparable. 

The agreement between the jjroposed estimates and those made b}^ 
other investigators is in general remarkably good. The recommen¬ 
dations of Breirem check best the estimates for the English system 
of feeding, while the other recommendations check best with those 
for the American system, this being true in particular for the Morrison 
standard up to 20() pounds body weight. 

From Breirem’s (*5) feeding experiments with breeding sows, it may 
be calculated that a 300-pound gilt w'ould reepure 1.1 feed units daily 
for maintenance and O.o feed unit additional for the requirements of 
pregnancy. This may be compared with the average estimate of 
about 1.8 kg of dry matter daily (table 5). In the case of a 400-pound 
sow, Breirem's estimate w^ould call for 1.85 feed units daily, while the 
estimates of table 5 range from 1.4 to 1.9 kg of dry matter dailv". 
For a 300-pound gilt Morrison (25) recommends 2.0 kg of dry matter 
daily, and for a 400-pound sow', 2.1 kg. 

For lactating sows, Breirem (4) recommends 0.5 to 0.6 feed unit per 
pig per day above the needs of the sow. In the case of a 400-pound 
sow suckling eight pigs, the average daily requirement would be 
5.75 feed units, a figure greatly in exce^ss of the dry-matter require¬ 
ments estimated in table 6, ^which range from 2.4 to 3.2 kg (laily, 
equivalent to 2.7 to 3.6 kg of feed containing 12 percent of moisture. 
Morrison recommends a minimum of 4.3 kg of dry matter per day 
for a 400-pound sow nursing a litter. 
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7'*able 5. —Daily food requirements^ heat production^ and gaseous exchange of a 
pregnant 300-pound gilt throughout geslalionj fed to gain 1.0 pound daily^ and of 
a pregnant 400 -pound sow throughout gestation^ fed to gam 0.6 pound daily 
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Wohlbier (So) also estimates much higher energy requirements for 
a 1 acta ting sow than those given in table 0. By interpolating in his 
table, a 400-poun(l sow would require during the first 4 weeks of* 
lactation 4.8, 5.1, 5.0, and 0.6 kg starch equivalent, or, taking 1 
feed unit to equal 0.7 kg starch equivalent (/i), 6.8, 7.3, 7.1, and 9.4 
feed units. However, these computations are based upon much larger 
milk yields of 11.9, 15.4, 15.0, and 18.0 pounds daily in the first 4 
weeks of lactation. Woldbier claims in an earlier article (referred to 
in that ordinary methods of computing the milk yield of a sow 

by weighing the litter before and after suckling at regular intervals 
during a control day may greatly underestimate the milk that the 
litter would get when given free access to the udder, because the teats 
of the s(»w are (piickly filled with milk and are also quickly emptied 
by the suckling pig, in as short a time as 25 to 35 seconds. 

If Wohlbier’s contentions are correct, the calculations should be 
revised in accordance with his larger milli yields. Such a revision 
will be found in table 7 covering tlic first 4 weeks of lactation. 

Tahlk 7.— f?cvisiori of table 0 to coiifonn to Wohlhier'a larger estimates of milk yield 
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This revision raises the estimates of dry matU'r requirements to 
tlie estimate of Morrison and even above for the peak of lactation. 
Expressed on the basis of 12 percent of moisture to make them com¬ 
parable with Scandinavian feed units, the requirements for successive 
weeks are 4.6, 5.6, 5,5. and 6.3 kg. Even these are considerably below 
Wohlbier’s values. IMiis discrepancy must be due to a much lower 
assumed utilization of metabolizable energy by Wohlbier. 

USE OF BASIC DATA FOR THE DESIGN OF HOG-HOUSE VENTILATION 

SYSTEM 

HOG HOUSE TEMPEKATUKES 

The average‘rectal tem}K'rature of hogs is 102.5 F, with a range 
from 101.6® to 103.6®. Physiologists (77, 29) tell us that a hog is 
not a completely therrnoregulated animal and at temperatures above 
79® phvsical regulation of body temperature is no longer sufficient. 
Every Iiog raiser knows the danger of high summer temperatures and 
the need of shade. The critical tem))erature of the hog is shown to be 
approximately 68° under basal conditions and varies wdth the plane 
of nutrition, being lower fof large hogs on normal feed (table 3) 
(^apstick and Wood (8) found that for each degree FahreiAeit drop 
below the critical temperature there was an increase in the rate of 
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metabolism of a little less than 3 percent. At temperatures of 18° 
pigs have been observed to shiver, and the increased heat production 
calls for more feed. Thus physiological reactions at the lower temper¬ 
ature limits, coupled with practical observations, suggest the desir¬ 
ability of temperatures not lower than 50° to 55° for a farrowing house. 
Somewhat lower temperatures are permissible for fattening hogs 
because of their higher plane of nutrition, but house temperatures 
approaching freezing should be avoided for all classes. There is 
need for greatly improving the ordinary farm hog house. Such houses 
are commonly found with little or no ventilation and are poorly lighted. 
'Wliere a considerable number of hogs are to be provided for, it is 
believed that a good hog house, well ventilated and lighted, will 
show a return, for the capital invested, at least ecpial to that for any 
other structure on the farm. 

Iowa studies (76*) reveal that, with the poorer type of hog house, 
each droj> of 10° F. below normal weather temperatures at farrowing 
time was associated with losses of about 5 percent of the pigs, and 
that careful housing reduced ordinary losses materially. 

It is said that wiicn small pigs are kept too warm they are less 
thrifty. On the other hand, chills together wuth dampness are often 
fatal to small pigs. 

DATA FOR THE DESIGN OF HO(; HOUSES 

A knowledge of the rates of heat production and carbon dioxide and 
water vapor output of various farm animals as affected by weight, age, 
feed, and environmental conditions, is essential to the agricultural 
engineer, as a basis for the scientific design of structures for housing 
the animals, since the animal heat is utilized not only for maintenance 
of desirable stable temperatures but also for the removed, by ventila¬ 
tion, of the jiroducts of respiration, particularly^ water vapor. Re¬ 
moval of the water vapor at a rate that will maintain desirable con¬ 
ditions of atmospheric liumidity is a distinct aid to maintiuiance of 
Inuilth and to sanitation. 

The (lata presented in previous pages of this paj)er furnish an ap¬ 
proximate basis f(3r sciemific design, though the estimates of water 
vaporized under ordinary conditions, equivakmt to 25 percent of the 
total heat output, may be in excess of actual vaj)orization at temper¬ 
ature ranges between 32° and 50° F. These data have been, in part, 
converted to British thermal units and are shown graphically in figures 
1 and 2 in order to bring out the relations of the several factors to each 
other and to make them more immediately useful to engineer and 
architects in the design of buildings adapted to maintain adequate 
ventilation ancl proper temperatures and thus aid in improving 
sanitary conditions and decreasing annual losses of early pigs in the 
community type of hog house. 

The data for figure 1 w^ere obtained from table 3 and those for 
figure 2 from tables 3, 5, and fi.“ It is recognized that there is no 
standard relation between age and weight and rate of daily gain, 
since these vary with feeding practices. However, the plotting of 
these factors in figure 1 helps one to visualize their approximate 
relationship under good American feeding practices. Figure 1, A, 
is plotted to an irregular scale of ordinaUvs, so that the normal average 


3 The heat production curve for the 400-i)ound nursing sow represents minimal esUmatos. TIimj larger 
estimates given In table 7 may be more in conformance with practice. 
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live weight of a pig of any age that has gained according to the rates 
of gain indicated is shown approximately by reading horizontally 
across to figure 1, B. For convenience the carbon dioxide production 
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data in figure 1, B are retained in the original form for the present 
and transposed in an example later. It is noted (fig. 1, A) that the 
rate of gain assumed in these calculations begins to decrease at 
approximately 250 pounds live freight and that the rate of heat 
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production UvS well as of carbon dioxide and water vapor (fig. B) 
increases less rapidly at weights above JlOO pounds. 

Figure 2 compares the lieat production of a 4()0-pouud sow, nursing 
six pigs, with those of a BOO- and a 400-])ound sow during the period 
of gestation. Assuming the i*ate of gain shown in table B, the addi¬ 
tional heat pnxiuced by growing pi|^ is also shown. It is readily 
noted that the metabolism of the sow is at a low point after farrowing, 
but by the end of the first week is above that of the gest.atiug sow, 
although lower than that of the fattening hog. 

It is also noted that th(‘ difference in heat production between the 
BOO- and 400-pound sows during gestation is small. The heat pi'o- 
duction of a male is higher than that of a female. For all [iractical 
purposes in making allowance for a boar we may increase the estimate 
of heat production ov(*r that of a sow of the same weight by 10 percent, 
although in some cases (p. 817) higher allowances may be advisable*. 
These data permit a design for a partieuilar condition and show the 
possible range of eflicient ojieration of the ventilation system. 

VENTILATION HEQUIHEMENTS < 

The ventilation requirement of a given animal house*, may be based 
upon the heat and moisture* production. It would app(*ar that the* 
amount of vent ilation that wouhl make eflicient use* of tlie heat ])n»- 
duced and maintain a dry house woulel be the most ele*sirable. In 
order to test out the usefulne'ss e)f the elata pre*seuited tlu\v are com¬ 
pared briefl;v with a test-, the details of whie*h are re(*orde(i elsewhe*r(* 
{IS). The important features eif this test are as follows: It was 
possible in a geiod Img house in Minnesota housing 1 boar, 54 fat hogs, 
and 50 shoats, to maintain fairly uniform temperature and adequate 
ventilation,# t^nde'r an oulsiele temperature of 24° F. ranging from 
17° to B2°, an average inside temperature of 44° was obtained, rang¬ 
ing from 40° to 50°. The relative humidity ranged from 7B to 84 
with an average of 80 percent. The average ventilation maintained 
was 1,040 cubic feet of air jier minute. 

In the test house were 20,775 pounds total weight of hogs, which 
would represent 89 hogs tif BOO pounds average weight. However, 
since rate of heat production varies in young and older hogs, different 
heat values are required in estimating the heat ])roduction of different 
classes of hogs. By using the values given in figure 1, a total of 
81,702 B. t. u. per hour is obtained in the above test liouse, or an 
equivalent of 80 head of BOO-pound hogs. Tlie average heat produc¬ 
tion for a BOO-pound hog is thus estimated at 1,025 B. t. u. jier hour 
(fig. 1), which is somewhat higher (660 B. t. u.) than that given by 
Armsby and Kriss (2). 

If the air in a ventilated hog house is at 50° F. and 80-percent rela¬ 
tive humidity, a pound of dry air passing out is accompanied by 4B.1 
grains of moisture. A pound of dry air entering from outside has a 
moisture content of 22.5 grains, when the outside air is at 32° and 
85-percent relative humidity. Each pound of dry air circulated 
through the house by ventilation, therefore removes from the house 
the difference, or 43.1—22.5==::20.6 grains of moisture. Figure 1 
shows that a BOO-pound hog respires 1,719 grains hourly. To re- 

< Acknowltjdgmcnt is made of tho assistance and th« constructive criticism ofTered by S. J. Dennis, 
a.ssocIate refrigeration engineer, with respect to analysis of heat balance. 
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move this moisture iis fast as it is respirc<l requires an air circula- 
tioii rate of 1,719-^-2().(), or 83.5 pounds of air (dry air) per hour. The 
spoeific volumes of the ineornintc and out^oin^ air under th(‘ g:iven. 
conditions are J2.4(j and 12.97 cubic feet per pound of dry air respec¬ 
tively, and the total volume of tbe incoming air will be 83.5X12.40 
or 1,040 cubic feet per hour, and that of the outj'oin^^ air 83.5X12.97 
or 1,083 cubic feet per hour. This is the ventilation rate re(|uired per 
300-poimd ho^ to remove the respired moisture as fast as the hog ex¬ 
hales it, assuming that the rate at whicdi water vaj)or is given off by 
the l)ogs is the same at 50^ as at 08®. If the rate at Avhich water vapor 
is given off is less at lower temperatures the ventilation requirements 
a?!d attendant heat loss will be corresy^ondingly reduced. At present 
no data for amount of w^ater transpired at low' temperatures are 
available. 

The total heat content, under conditions already stated, of the in¬ 
coming air is 11.17 and that of the outgoing air 18.57 B. t. u. per 
poiuul of dry air. Each pound of dry air circulated, therefore, re¬ 
moves a (|uantity of heat equal to the difleronce between 18.57 and 
11.17 "7.40 B. t. u., and the total heat carried out by veiitilation at 
the rate calculated above will be 83.5X7.40-=018 B. t. u. per hour, per 
300-pound hog. The heat production of a 300-pound hog is 1,025 
B. t. u. per hour (fig. 1, R). Heat lost by ventilation sufficient to 
remove the moisture respired by the hog is 018 : 1,025X 100, or 00.3 
tjercent of the heat produced by the hog. Hnder the conditions 
state<l above the balance is sufficient to maintain the temperature of 
an ordinarily well constructed house at the 50® level. 

The air volumes rectuirod in ventilation sufficient to remove the 
moisture produced by tlie hogs, and the heat lost by such ventilation, 
may be similarly calculated for any given set of temperature and 
humidity conditions. Data on moisture, heat content, and volume 
are readily <letermined by reference to a psychrometric chart or table 
such as is found in several handbooks on ventilation or air condi¬ 
tioning. 

Calculations for various outside and inside temperature conditions 
will show' that when temperatures are low% both inside and outside, 
ventilation at the rate calculated to remove moisture as fast as given 
off (assuming a constant rate of production) would involve such large 
heat losses that all the heat produced by the hog wovdd be carried off 
by ventilation, leaving no heat available to maintain the temperature 
of the building. This means that, for practical operation, it will be 
necessary in cold weather to reduce the amount of ventilation below 
the calculated requirement, in order to maintain satisfactory tempera¬ 
tures in the hog house. It is obvious that the better the construction 
and insulation of the house, the less its ventilation will have to be 
reduced. 

Figure 2 shows that the period of low' heat production is at farrow¬ 
ing time and during the first week thereafter. lienee for early pigs 
for zone 1 {19) and for the northern part of zone 2 it is often profitable 
to provide artificial heat during this period. I^an,terns, radiant heaters, 
or furnaces may be used, The cost of installation may range from 85 
cents to $6,000 or more for a complete system. However, it is seldom 
necessary to provide heat for more than a few pens and that but for a 
few days following farrowdng. Scattered dates of fan'owdng for sov- 
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oral sows of each herd will decrease the nuinber of heated pens needed. 
Thus, some form of localized heat or a pig brooder sucn as the one 
recently introduced by J. R. Tavernetti and E. N. Hughes, of the 
California Agricultural Experiment wStation, may be had at a small 
annual cost even if rate of fuel cost is high for a short period. These 
electric brooders may be made portable and permit of transfer from 
one pen to the other at the critical period. They provide warmth and 
protection while the pigs are resting, and the surrounding (M)oler air 
stimulates appetite and vigor while the pigs are active. Thus in 
choosing a form of beat or the temperatures to be maintained in a 
farrow^ing house, the farmer must determine the number of sows 
likely to farrow' at one time, the expected outside temperatures, and 
the number of days that heat will be needed. 

SIZE OP FLUE 

The total size of the flue in the above hog-house test was 12.2 
square feet, and it carried out an average of 1,049 cubic feet of air 
per minute, with an average velocity of about 130 feet })er minute. 
This volume equals 1,237 cubic feet per hour and the Hue size ecpials 
22 square inches per 300-pound hog ecjuivalent. losing the volume of 
1,083 cubic feet of air required per hour per head to satisfy ventilation 
conditions, and the above average flue velocity of 130 feet per minute 
obtained under actual wTirking conditions, and substituting tlu*se 
values in the usual formula, Q-^V, ^1., it is found that 20 scpiare 
inches of flue area jier 300-pound hog would have been suflicient. 

The data vshown and methods outlined in this [laper should enable 
the engineer to proceed with increased conlidence in the design of 
structures to meet requirements imposed by various conditions siuii 
as capacity»of building, class of hogs, and climate. 

SUMMARY 

An analytical study has been made of the energy requirements of 
swine for each of the various animal functions, as revealed by pub¬ 
lished information, and of an integration of these requirements for 
application to pigs of any particular age, weight, or condition. In 
this study the various animal functions have lieen diflerentiated for 
separate analysis, the ultimate values established then being applied 
to any particiilar animal as needed. 

The gcuieral jirocedure has been to estimate the energy requirements 
of swine by factoring out and assessing as accurately as possible all 
items contributing to energy expenditure or storage! These factors 
have then been integrated for pip of particular weights and condi¬ 
tions. Estiniates of the net availability of the metabolizable energy 
of feed permit the conversion of net energy into metabolizable energy 
values. From the latter dry-matter requirements have been estimated 
for definite, more or less typical rations. 

Summation of energy expenditures, via basal metabolism, muscular 
activity and heat increment of feed, leads to an estimate of heat produc¬ 
tion. From this, estimates of the probable output of carbon dioxide and 
of the usual and maximal output of water vapor have been made. Com¬ 
plete estimates of this kind have been made for growing and fattening 
gilts and burrows, both according to American and English feeding 
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pt ac.tico, a pregnant gilt and a pregnant sow, and a lactating sow. Ten- 
1 ativo estimates of critical temperatures Lave been made in each case. 

The data given and the methods outlined will, it is believed, enable, 
engineers to proceed with increased confidence in the desigjn of struc-’ 
tiires to meet the requirements imposed by various conditions such 
as capacity of building, (‘lass of hogs, and climate. The findings are 
transposed into the form of basic data suitable to aid in the design 
of hog-house ventilation systems and illustrations of thier application 
are given. 
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TOXICITY OF SELENIUM FED TO SWINE IN THE FORM 
OF SODIUM SELENITE ■ 

l^y W. T. MiLLKii, associate velerinariaUf and H. W. Schoening, principal' 

veterinariany Pathological DivisUnij Bureau of Animal Industrij^ United States 

Department of Agriculture - 

INTRODUCTION 

(\)nsi(ierable loss of livestock in the north-central Great Plains 
has been attributed to a disease, known locally as alkali disease, 
which was considered to be due to the dej)osits of alkali in tlie soil. 
Th(‘ syni])t()ms manifested by affected animals included loss of hair 
from the mane and tail of horses, the swdtch of cattle, and hair from 
the body of swine. Marked alteration in the growth of the horn of 
the hoof of all these species was also a prominent synij)tom, resulting 
in some cases in a sloughing of the hoof. 

In a previous pa])er {9) it was shown tjuit hogs fed at the Bureau 
of Animal Industry Experiment Station, Bethescla, Md.,'^ on two lots 
of corn growui in an area where* the so-called alkali disease existed 
developenl tyj)ical clinical symptoms of this disease. It was found 
that the twi> lots of corn contained selenium in the proportion of 10 
and o parts per million, respectively. 

Since this and other information (/, 2^ '^) indicated that 

selenium in the feed was a responsible factor in the production of the 
so-called alkali disease, experiments were undertaken to study the 
effects, on swine, of selenium when given in various quantities mixed 
with the daily ration. 

As selenium in the organic form was not available, the.se tests w^re 
conducted witli selenium in the form of an inorganic salt, sodium 
selenite. 

EXPERIMENTAL PROCEDURE 

In order to test the efl’ect of feeding selenium in the daily ration, 
10 pigs (9 Duroc-tlerseys and 1 Berkshire) about 4 months old were 
])laced in a concrete barn entirely separate from any other pigs at 
the Bureau’s Experiment Station at Bethesda, Md., on April 2, 19;i4. 
Each animal had an individual pen about 10 feet long and 5 feet w i<Ie, 
well bedded witli straw . Wooden troughs were used for feed and 
water. Water w’as kej)t before the pigs all the time ami w^as from the 
regular station supply. Each animal was weighed as soon as it was 
placed on experiment and on several other occasions during the first 
week to determine the gains made on tlie normal feed. Weights 
w^ere taken at weekly intervals thereafter. 

1 llewived for puiaipalum .lanuary 11, liWS, issued June, 

The wnloLs are iiujebted to 11 C Dudley, formerly of the Bureau of Chenuslry aud Soils, for l he ehenii» 
cal analysis of body jiarls and fluids for seleniuiii, and to H O Byers, of that Bureau, iox assistance in 
nreparing the dosage of selenium \cknowledgraeut is also made to G T Creech, of the Bureau of Animal 
Imlustry, for the histouaihologicial examination of the various organs, and to M. S, Shahan, W' B. Shook, 
C D. Stem, and (?. N. Dale, of that Bureau, for the post-mortem examination of these animals, 

* Reference is made by number (italic) to Literature Cited, p. 842 

♦ This station, now known as the Animal Disease Station, was moved to Beltsville. Md , m 
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The grain feed, which was the mixture fed regularly to hogs at the 
Experiment Station, consisted of bran 2 parts, corn feed-meal 1 part, 
alfalfa meal % part, and gluten meal 1 part. It was given at the rate 
of about one-half pound per 10 pounds of body weiglit a day, and the 
quantity increasca as fast as the animals would consume it. That 
the feed was adequate is demonstrated by the weekly gains in weight 
made by the two control pigs (Nos. 4326 and 4327), as shown in 
table 1. At the end of the first Aveck, selenium in varying quantities 
was added to the feed of eight pigs (principals), which were divided 
into pairs. The selenium was given in the form of a tenth molar 
solution of sodium selenite (17.3 g of diy salt per liter of distilled 
water). The solution was measured by pipette to give the desired 
number of parts per million of elementary selenium and was tJuvroughly 
mixed with the grain feed, which had been previously weighed and 
moistened with a measured volume of water. 


Table 1. — Weekly quantitieH of grain feed and seleniinn consumed and changes in 
weights of pigs used in experhnent 
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i 4- mdicftterf gain in weight: •~,*lu.ss. 
s Quantity cstinialod, as feed was spilled 
3 Pig died at the and of 5 days of this week. 

< Pig died »t the end of 3 days of this week, during which tlino animal would not eat. 
3 Pig died at the end of 4 days of this week, during which time animal would not eat. 
• Pig died at the end of 2 days of this week, during which time animal would not eat. 
7 Pig died at end of 4 days of this week. 







Table 2.— Siunmary of results of sodium selenite feeding experiment 
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The first pair of principals received grain containing 392 parts of 
selenium per million, the second pair 196 p. p. in., the third pair 49 
.p. p. m., and the fourth pair 24.5 p. p. m. (table 2). The quantity 
of feed given to the controls was increased each week, whereas the 
feed for the pigs receiving the grain to which selenium had been added 
was increased only when the daily ration had been cleaned up regu¬ 
larly in the preceding week. The moist feed was kept before the pigs 
for 3 to 4 hours, wiien any feed remaining in the box was w^eighed and 
discarded. To determine how much selenium had been consumed by 
each pig, the weight of the feed loft in the box was deducted from that 
given and the selenium content calcidated on the basis of the feed 
eaten. It wi\s not possible to calculate definitely the ([uantity of 
feed left in some cases because of the box having been overturned. 

EXPERIMENTAL RESULTS 

Feeding data and changes in weights of tlu‘ ])igs, by weekly periods, 
are shown in table 1. Summaries of the rcwsults of the tests are shown 
in tables 2 and 3. 


Table 3.— Summanj of ihv results of artalifses,^ /or selenium content, of principal 
body parts and fluids of pigs and 4ddO {principals) and control 

pig 43^7 

IKesuHs HI terms of per miUunj of selenium parts, bused on weight of samples of l)od\ jmrts and llujd.s 

taken on post nioiterh] 
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1 The methods of analysis used by H. C. l)u<Uey in making; these determinations are described in publica¬ 
tions by Dudley* and Byers (5) and Kobinson and co-workers (8) 
a T~ Trace 

3 Contained large number of roundworms. 

* Stomach witli contents examined. 


CONTROL ANIMALS 

Pigs 4326 and 4327f the two control animals, remained normal for 
the duration of the experiment. Pig 4327 was killed to compare the 
weights bf the organs with those of one of the principals. No. 4332, and 
also to determine whether or not selenium was present in the tissuea 
No selenium was found in pig 4327, as shown in table 3. 
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PRINCIPAL ANIMALS 
Pig 4828 

Pi^ 4328 ate relatively little feed after the second day of the expe.ri- 
nient and became [iropcressively weaker. It was unable to stand after 
41 days and death occurred in 4h days. No clinical evidence of 
selenium jioisoning, such as loss of hair along the back or around the 
feet, or foot lesions, was observed at any time. On post-mortem 
examination tlic only lesions noted were an acute gastroenteritis. 

In the histological examination of the liver, very little capillary 
engorgement was found, but there was considerable dejjosition of bile 
pigment, and in some areas a noticeable increase in the interstitial 
tissue as well as a limited leucocytic and round-cell infdtration. A 
very large percentage of the liver cells showed various stages of fatty 
degeneration and marked vacuolation. In some lobules the degener¬ 
ative changes were more marked around the central veins, wdiereas 
in others the changes were not confined to any particular part. Wliole 
columns of cells in some lobules showed practically complete degenera¬ 
tion and disintegration of the cytoplasm, only the cell w^all and 
occasionally the nucleus remaining. 

In the kidney, thrombi were observed in a number of the larger 
veins and tliere w^as also some capillary engorgement, as well as evi¬ 
dence of edema, and many of the glomeruli w^ere greatly shrunk or 
atrophied. The kidney epithelium showed indications of more or 
less degeneration throughout, but the more marked changes were 
confined to certain groups of tubules, in many of which complete 
des<iuamation of the epithelium hud occurred. 

In the skin the principal clianges noted w^ere in the hair and hair 
follicles. These consisted of wndl-marked atrophy, and in a number 
of follicles, also degeneration which appearetl to involve the hair 
sheath. There were more or less disintegration of the cellular ele¬ 
ments and formation of small clumps of fragments, which stained 
deeply with epsin, suggestive of hyaline change. Heavy deposits of 
green pigment were noted in a number of the hair papillae. 

Vh. 4329 

Pig 4329 stopped eating 7 days after the experiment began and was 
in a moribund condition 10 days later, w hen it w as killed. No clinical 
evidence of selenium poisoning was noted at any time. 

Post-mortem examination showed that the peritoneal cavity con¬ 
tained about 50 cc of straw-(U)lored fluid and tin* pleural cavity a 
similar quantity. No otlier changes were observed. No histological 
examination was made. 

Pui 4330 

Pig 4330 ate feed very sparingly, showed marked weakiu^ss 14 days 
after the beginning of the experiment, and began to lose hair along the 
back 14 days after weakness appeared. Denudation was complete 7 
days afto the hair began to fall, and the pig succumbed 38 days after 
the beginning of the experiment. 

Post-mortem examination showed that the hair had entirely disap¬ 
peared along the back from the neck to the tail, for a width of about 
3 inches, and there was a marked loss of the white hair around the 
feet. A distinct swelling of the coronary band, similar to the earlier 
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foot lesions of so-called alkali disease, was present in the front feet 
pid dew claws, and to a smaller extent in the hind feet (%. 1). The 
internal organs appeared normal, with the exception of the liver, in 
'which the lobules were slightly paler than normal and were quite 
prominent. 

On histological examination of the liver, it was found that the 
changes varied in different lobules, from a slight cloudiness of the 
cytoplasm to complete degeneration of the cells. In some lobules 
practically all the cells showed extreme cloudy swelling, and in a 
few lobules engorgement with blood was found in tlie degenerated 
centers. Cell vacuolation was very slight and only a small quantity 
of pigment was note<l. There was practically no increase in th<‘ 
interstitial tissue. 



Ill the kidney, little evidence of circulatory disturbance was found. 
The entire kidney epithelium appeared to be more or less involved in 
the degenerative changes, which consisted of extensive cloudiness and 
in certain of the tubules complete degeneration of the cells. In some 
areas noticeable vacuolation of the degenerated cells was observed. 
Atrophic changes were noted in many of the glomeruli, and a number 
of tubules contained hyalin casts. 

In the spleen, small degenerated areas were observed in which the 
cells were undergoing fatty changes. 

. Pio 4331 

Pig 4331 ate little after the second day of the experiment, and 26 
days later had difficulty in controlling the hind legs. No loss of hair 
or changes in the feet were noted. The animal died 36 days after the 
experiment began. 
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Post-mortem examination showed severe gastroenteritis, but no 
macroscopic changes were observed in the other organs. 

On liistological examination of the liver the sections showed caj)illary. 
engorgement throughout witli some evidence of edema. Although 
there was more or less (cloudiness of th(' liver cells with definite degen¬ 
eration of individual (cells or small groups of cells, the degenerative 
changes were not**so w(dl marked nor so extensive as those observed 
in the livers of other animals. There were limited leucocytic and 
round-cell infdtration and also some increase in the interlobular 
connective' tissue. 

In the kidiKcy, the (epithelium show(ed a cloudy swelling in many of 
tlio tubules, loss of niKcleJ, and limited fatty chaiigces in the ccell pro¬ 
toplasm. There was some des(|iiamation of the tubules, and a number 
of the tubules contained casts. Some indication of edema was found, 
and a considerable number of glomeruli showed more or less atrophy. 
Little ])igment was ])res(uit in this case. 

Via 4332 

In j)ig 4332 there was markt^d loss of hair, about 2 inches wide, from 
the poll to the tail, 57 days after the experiment began, and also a 
distinct break in the coronary band on all four feet. Late^r the separa¬ 
tion of the coronary band from the wall of the hoof became much 
more pronounced, p(»rmitting considerable mobility of the hoof. The 
animal died (Hi days aftt'r th(^ experiment began. 

Post-mortem examination showed the carcass to be in very poor 
condition. The hoofs on all four feet showed distinct l)reaks, about 
one-eighth iiu'h wide, around the coronary band. The cervical 
lymph glands were (‘ongested, and the muscU's in the throat region 
appeared to be edematous. Tiie heart was flabby, but the lungs re¬ 
vealed no inacrosco})ic h^sions, A mild gastritis was j)resent. The liver 
seemed wSmaller than usual, the lobules were ])r(>minent, and some light- 
colored areas, *(110 size of a j)ea, were present. Nothing unusual was 
noted in the spleen, kidneys, and bladder. The tissues around the 
joints at)peared edematous, but no erosions were found upon exami¬ 
nation. Tiie bone marrow of the femur was nni and gelatinous, 
similar to the cojulition seen in animals affected with so-call(»d alkali 
disease. 

Post-mortem changes in the liv(»r rendered the histological exami¬ 
nation somc^what unsatisfactory. Many of the liver cells were under¬ 
going fatty change's, with vacuolation of the cytoplasm, but complete 
cell d(?struction was apparently limited to individual cells or small 
groups of cells. The outstanding change was the extensive prolifera¬ 
tion of the interstitial tissue, the capsule of the organ being very much 
thickened ami the interlobular connective tissue greatly increased. 
Bile pigment was found in many of the cells. 

On histological examination of the kidney, capillary congestion and 
degenerative changes which Avero more advanced in certain groups of 
tubules were found in this organ. There was desciuamation of the 
tubular epithelium and in a few tubules practi^ally complete destruc¬ 
tion of the epithelium. In pme areas fatty changes with cqll vacuo¬ 
lation were noticeable. Small pigment deposits were noted. 

Examination of the spleen showed little deviation in this organ from 
the normal. 



838 


Journal of Agricultural Research 


Vol. 5d. No. 11 


Weights of the organs of selenium-fed pig 4332 are compared with 
the weights of the organs of control pig 4327 in table 4. 


Table 4.- Comparative weights of organs of selenium-fed pig 4^32 and control 

pig 4^'^^* 



Weight of organs 
of— 


Weight of organs 
of 

Organ 

Pig 4332 

Pig 4327 

Organ 

Pig 4332 

Pig 4327 

„ - - — - 

OraiM 

Orom* 

- - 

Or arm ' 

Ormns 

Heart. _ 

10() 

115 

Liver— 

ISO 

715 

Knineys,.- 

tKt 

135 

Sploen _ - 

20 

50 

liiings -- 

34(1 

420 

Testu-les 

50 ; 

220 


At the beginning of the experiment, as shown by table 2, pig 4327 
weighed 30.5 pounds and pig 4332 weighed 49.5 pounds, whereas at 
the conclusion of tlie experiment pig 4327 weighed 04 i)ounds and pig 
4332 weighed only 24 pounds. Pig 4327 therefore had gained 33.5 
pounds, whereas pig 4332 had lost 25.5 pounds. In pig 4332 the low er 
weights of the heart, lungs, kidneys, and spleen (tabh^ 4) are probably 
due to the general loss in weight. In the case of th(' liver and testicles, 
however, the dUferences in the weights of tlu* organs seem too great to 
be explained on this basis. 

Pin 4333 

Pig 4333 (fig. 2, Cf) began to lose hair along the back 37 days after 
the beginning of tlie experiment. No involvcuuent of the feid was 
noted at any time. The animal died 99 days after being placed on 
experiment^ 

Post-mortem examination showed that the skin was denuded of 
hair along the spinal column to the tail and there w^as icterus of the 
skin and sclera. The heart w^as flabby and the fat was gelatinous. 
Some inflammation was i)resent at the p^doric end of the stomach. 
The liver showed hard, hobnaillike lesions. In the kidneys, the 
pelvis and calyxes were filled with a gelatinous exudate. The spleen 
and intestines appeared normal. The joints were enlarged owdng to 
a yellow, gelatinous exudate in the surrounding tissue, but no erosions 
were found on the articular surfaces. Histological examination was 
not made. 

Pi<i 4334 

The hair along the back of pig 4334 was loose 27 days after tlie 
experiment began, and 18 days later an area of several inches on either 
side of the spinal column, from the head to the tail, was practically 
denuded ^(fig. 2, B). In about 2 months a break appeared in the 
coronary band of the feet, becoming progressively wider until the 
separation attained a width of about I inch in the front feet (fig. 3). 
The animal lived 79 days. 

On post-mortem ex^ination all four feet and dew claws showed 
separation of the hoof to about 1 inch, leaving a raw area. Appar¬ 
ently the tissue from w^hich the horn develops had been impaired 
since no new hoof was developing. There was loss of hair around the 
feet and down the back. The carcass was in poor condition and no 
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Fj<ji he 2 Piijs 1333 (C'), 4331 [H) -two of the imnnpals used in the exi^enmont and 432fi (.1), one of the 
coutioK l‘if 4333 allows loss (»f han aloiiir tlie backlMuns typical ot seleniimi poisoiiiin: Piff 1334 show's 
!i small loss of hair. pniicipallN o\er the shoulders l*lH)to^oaj»h was taken toward the end of the e\i>eri- 
ment. 



Fiupue 3.—Front feet of piR 4334, which show a characteristic lesion of selenium poisoning in the marked 
separation of the hoof from the skin at the coronary band. 
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fat was present, a gelatinous substance Laving replaced this tissue. 
The heart was Habby and the fat had a gelatinous appearance. There 
was gastritis but no enteritis. The spleen appeared normal, but the 
liver was very hard and small and .in one lobe the lobules stood out 
prominently. The bladder had a yellowish exudate on the mucous 
surface, which was tliickened and showed several small hemorrhages. 
No erosions w^ero found in the joints, but a gelatfnous material was 
present around some of tliem. The marrow of the long bones was 
reddish and gelatinous but not to so marked a degree as in some of 
the other pigs. 

Histological examination of the liver showed awelhmarked degener¬ 
ation of the liver cells, which appeared to be more extensive in some 
portions of the organ than in others. A definite central necrosis was 
present in a number of lobules, and these necrotic areas had been 
invaded by polymorphonuclear leucocytes. ('Considerable bile pig¬ 
ment, mostly intracellular*, had been deposited in the (^gan, and 
there was rather extensive proliferation of the interstitial tissue. No 
other tissue was taken from this animal. 

Pk; 4336 

Pig 4336 never showed any clinical synjptoms of selenium poisoning 
other than a slight loss of appetite 10 days before death, w hhdi occ^urred 
rather suddenly. This animal lived 46 days. 

On post-mortem examination tlie only lesion observed in the anijnal 
was gastroenteritis. 

On histological examination of the liver, most of the interlobular 
veins showed engorgement and a limited number of the lobules showed 
capillary congestion. Many of the lobules contained areas, varying 
in size, of‘degenerated cells in many of which vacuoles w'ere not(‘d. 
Central necrosis appeared in a few* lobules. A small (juantity of bile 
pigment was observ*ed, and there wuis well-marked jmdiferalion of the 
interstitial tissue, both interloV)ular and intralobular. * 

In the kidney there was more or less blood engorgement throughout 
the organ. Although mu^ch of the tubular epithelium showed cloudy 
swelling and some desquamation in addition, the more advanced 
degenerative changes w ere limited to individual tubules or small groups 
of tubules. These changes paralleled somewhat thosc^ noted in the 
kidney of pig 4331. There was considerable deposition of pigment 
also. 

In the skin some atrophic clianges appeared in certain of the liair 
follicles. 

With regard to the deposition of selenium in the tissues, table 3 
shows that the results of the chemical analysis, for selenium content, 
of the body parts or fluids of pigs 4328 and 4336 are very similar with 
the exception of the kidney and hoof. Both of these animals lived 46 
days, but the quantity of selenium consumed by pig 4328 was 1.14 g 
as compared with only 0.84 g consumed by pig 4336 during the same 
period. This difference, then, might account for the larger quantity of 
selenium found in the/kidney and hoof of pig 4328. 
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DISCUSSION 

The clinical symptoms shown by swine affected by the so-called 
alkali disease in certain areas in the north-central Great Plains States' 
are manifested by a loss of hair aiid a marked alteration in the gjrowth 
of the horn of tiie hoof, which apparently begins as an inflammation of 
the coronary bancLand results in an interruption of the normal growth 
of horn, T"his is followed by a distinct break in the horn with a 
marked separation between the new and the old horn. In addition to 
these symptoms, diarrhea, stiffness, posterior paralysis, marked loss of 
condition, and death have been observed occasionally following the 
feeding of alkali grain to swine. Post-mortem examination of several 
field cases showed a gelatinous condition around the joints, and the 
marrow of the long bones was reddish, soft, and gelatinous. 

The symf)toms and lesions produced in the experimental pigs by the 
ingestion of sodium selejiite are similar to those seen in afl*ccted swine 
in the localities where this condition prevails and to those produced by 
feeding toxic corn outside the area, as reported in a previous paper (9), 

Of tlie eight pigs fed sodium selenite, four showed a definite loss 
of hair most marked along the back; two of the four had distinct breaks 
in th(‘ feet between the skin and hoof at the coronary band; and one 
had marked swelling of the coronary band. These pigs received the 
following number of parts of selenium j)er million parts of grain: 190 
])arts by pig 4330; 49 parts by pig 43"^2; 49 parts by pig 4333; 24.5 
parts by pig 4334. The remaining four animals show'cd more or less 
evidence of enteritis, either <*linically or at post mortem. One had 
diarrhea and several of the others shouted marked w^eakness. All the 
aiiirnals, wdth the exception of pig 4330, lost weight and all died within 
10 to 99 days after the feeding of sodium selenite was be^un. Their 
loss in weight was due, at least in part, to the small quantities of feed 
consumed. Early in the experiment these animals sliow^ed a markeii 
aversion to s(‘lenium-treated grain, a characteristic wdiich has been 
noted in pigs consuming grain in which selenium occurs under natural 
conditions. 

There appears to be considerable variation in the tolerance of tlie 
individual jugs to the action of selenium. This is e^h^enced both by 
the apparently acute [K)isoning of pig 4329, w hich lived only 10 days 
after consuming 0.20 g of selenium, and by the appearance of clinical 
symptoms of the disease in some animals (pigs 4330, 4332, 4333, and 
4334), which received a larger total <|uantity of selenium and lived 
much longer than pig 4329. This difleren(*e is further illustrated in 
the case of three other animals (pigs 4328, 4331, and 4330) wdiich died 
without showing typical clinical symptoms, although the quantity of 
selenium consumed and the period of survival w ere more or less com¬ 
parable to those of the four pigs which developed lesions. In pig 
4332, wdiich survived 00 days, it appears that there was continued 
deposition of selenium in the various body parts or fluids, in spite of 
the gi’eatly reduced quantities of the element ingested in the latter 
part of the feeding period (table 1). Inasmuch as j>ig 4329 appears 
to have died of acute poisoning, the differences hi the selenium content 
of the blood and intestinal tract may be due to the large quantity of 
the salt taken in during the ^hort period of survival (table 1).^ 
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SUMMARY 

Experiments were made to determine the relationship of selenium 
to the so-called alkali disease and the effects of selenium in feed g^iven 
to pigs at different levels over a period of time. Eight pigs about 4 
months old were divided into four groups and were fed an adequate 
grain ration to which selenium in the form of sodium selenite was 
added in the proportions of 392, 196, 49, and 24.5 parts per million, 
respectively. Four, or 50 percent, of these animals showed clinical 
symptoms similar to those s(^en in natural cases of so-called alkali dis¬ 
ease, manifested by a loss of hair and interference with the growth of 
the horn of the hoof. All the animals died in from 10 to 99 days and 
showed post-mortem lesions similar to those seen in the so-called 
alkali disease. Two other pigs, fed the same grain to which no sodium 
selenite had been added, made normal gains in weight during the 
feeding period and remained healthy at all times. 

The pigs fed the sodium' selenite ate very sparingly, leaving a large 
part of their daily ration untouched, and their loss in weight may be 
attributed, at least in part, to this factor. The two control ])igs kept 
under identical conditions and receiving the same feed except for the 
addition of sodium selenite, made gains in weight and remained 
healthy at all times. After the first few feedings there was eviilence 
of a marked aversion to the feed to which selenium was added. After 
refusing this feed, animals readily ate normal feed on several occasions 
when it w^as offered to them. Avei'sion to grain in wdiich s(4(»iiium 
occurs under natural conditions has been reported from the fi(4d. 
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THE MEASUREMENT AND INHERITANCE OF SCAB RE¬ 
SISTANCE IN SELFED AND HYBRID PROGENIES OF 
POTATOES ‘ 

Hy J. G. Lkach, plant pathologist, Minhcsola Agricultural Experiment Station, and 
collahoratoi, Vnited States Department of Agriculture; F. A. Khantz, horticul¬ 
turist, Minnesota Agricultural Experiment Station, and collaborator, United 
States Department »f Agriculture, Phares Decker, assistant in plant pathology, 
and Harold Mattson, fonnnrly assistant in horticulture, Minnesota Agricultural 
Ex pen ment Slat i on 


INTRODUCTION 

In any iittornpt to breed potatoes (Solamim tuberosum L.) for scab 
resistuiure one is immediately faced with the problem of accurately 
measuring the observed differences. The relative usefulness of differ¬ 
ent methods of measurement can be ascertained by comparing the 
consistency with which they present (^videjice of significant inherited 
differences in scab resistance. In this paper is presented a study of 
the techni(|ue of measuring differences in scab reaction between 
seedling progenies, together with the relation of selfed and hybrid 
[)rogenies in respect to these differences. 

mati:rials and methods 

The tests for scab resistance were made on a plot of peat soil at the 
(\>on Oeek experimental farm near Anoka, Minn. The soil of a 
greaUu* portion of the plot is rather heavily infested with Actinomyces 
scabies (Thax.) Giiss., and had grown scabby crops of potatoes for 4 
su(*.cessive years. In U)36, when it was necessary to increase the size 
of the plot, some soil was included on which potatoes had not been 
grown in recent years and which was somewhat less heavily infested. 

The seedling progenies tested included 33 selfed lines and 27 crosses. 
The number of seedlings in the different families ranged from 2o to 
350. Each hunily was planted in approximately ecpial numbers in 
three randomized blocks. Many of the parents had been tested as 
clones, and differences had been observed which appeared to be 
signifi('ant. The progenies studied were started from seed in Septem¬ 
ber and the seedlings were grown to maturity in the coldfraine and 
greenhouse in the fail of 1935. wSiuall tubei*s ranging from to 1 inch 
in diameter were harvested. These were planted in the field test plots 
in the spring of 1936. The small size of the tubers planted, together 
with unusually hot and dry weather during midsummer, resulted in 
late sotting and a light crop of relatively small tubers. In general, 
the scab infection on the seedling families was less than that on the 
common varieties and older selections in the test plot. This relatively 
light infection tended to decrease tlic range of variability in the 

1 Received for publimlion October Xi, iv»37, issued 19.38 Paper No. 1.544 of the Joiirnal Senes of the 
Minnesota Agricultural Extwnmeiil Station Cooperative investigations by the Division of Plant Pa* 
thologyand Botany and the Division of Horticulture of the Minnesota Agricultural Exiieriinent Station, 
and the Ilivisiun of Fruit and Vegetable Crop.'* and Diseases of the U. S Deiiartnient of Agriculture Com¬ 
pletion of this pa{>er was made possible by workers on W. P A. Project 1985, Minnesota Works Progress 
Administration 8j)on.sor. University of Minnesota 
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amount of scab, thus increasing the importance of accuracy in meas¬ 
urement. 

When the crop was harvested the tubers from each hill were placed 
in a separate paper bag and taken to the laboratory for a more careful 
examination of scab infection. The tubers were washed before scab 
readings were made. Ea(*h individual tuber was given a rating on 
the basis of resistance to scab infection according to the following 
scale: 

0- No scab. 

1 — Very small lesions- very resistant. 

2- Small lesions™ moderately resistant. 

3 - Medium-sized lesions - showing some evidence of resistance. 

4 - Largo lesions- -no evidence of resistance. 

After all of the tubers of a hill liad been classified according to tlu* 
above scale, a scab rating for the hill was obtained by multiplying the 
number of tubers in each cl.ass by the number of the class and dividing 
the product by the total number of tubers in the hill. Thus each hill 
received a numerical rating falling somewhere between 0 and 4, in¬ 
clusive, corresponding to its observed susceptibility to scab; the larger 
the figure, the greater the susceptibility. The scab rating for a seed¬ 
ling family was obtained by averaging tlie ratings (d‘ the individual 
hills of the family. 

Before the notes were taken, tubers representing each class in the 
scale were selected and photographed at natural size (fig. J). All 
readings vrere made by one person who had the photograplis before 
him at all times. The sc^edling families were labeled by row numbei’ 
only and their identity w’as unknown to the observer, so that there 
was no opportunity for bias. 

It will be noted that in the photographic scale the samples of the 
more susceptible types of lesion always involve a larger surfac(‘ area 
of infection. This (*orrelation was illustrated b«»cause it agr(*es with 
previous observations and because it was exp(‘cted and desired that 
the ratings be influenced to some extent by the amount'of surface area 
infected. The scab rating, however, is based primarily on resistance 
as manifested in the type^ of lesion and secondarily on the amount of 
surface area infected. In other words, a tuber with a single large 
susceptible-type lesion would’be rated as susceptible, but a tuber wdth 
a relatively high percentage of its surface area alfected with scab 
composed of small, shallow,, resistant-type lesions would be rated as 
resistant. 

Clark, Raleigh, and Stev^enson^ used data based on the amount of 
surface area of the tubers affected with scab in arriving at a numerical 
‘^scab index’^ in a test of varietal resistance to scab. The type of 
lesion is given as supplementary data by these workers and is not 
used in computing the scab index. In the present method the results 
of both criteria of measurement are combined in a single numerical 
rating, thereby facilitating the use of all data in statistical analyses. 
The end resiilt of these two methods may not differ greatly^ because 
there is obviously some agreement betw’cen resistance as indicated 
by the type of lesion and as indicated by the amount of surface 
area affected in a given test. In general, the more resistant the 

i CT.ABK, C. F., Raleioh» W. P., and Stkvienson, F. J. bkseding for resistance to common scab in 
THE POTATO. Amer Potato Jour. 13 250-259. 1930. 
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lesion type, the smaller is the area afFected. However, striking 
exceptions are ofteni observed. It is believed that a single, large, 
susceptible-ty|)e lesion on a tuber is more likely to indicate suscepti¬ 
bility than resistance. Using th{*- surface-area method of arriving at a 
scab index, such a tuber would weight the results on the side of re-. 




I’ Kji KJt 1 —Five tiilwrs illiistrutinK the seale used in nitiug the relative scab resistance of potatoes tested, 
those shown representing the inlniiiium limits for each class 0, No scab; 1, very small lesions—very 
resistant; 2, small lesions -modcnifcly resistant, 3. mediiiin-sizod lesions—showing some evidence (>f 
resistances; 4, large lesions -no evidence of resustaoce X 4/,'), 


sistance and constitute a source of error that could be eliminated only 
by numerous replications and checks Unit ave not possible in many 
types of test. 

Four different methods of classifying the material were u'sed. The 
first method included the ratings on all tubers regardless of size. 
The second method included the ratings only on those tubers larger 
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than 1 inch iii diameter. It was thought that many of the smaller 
tubers would have escaped infection and would constitute a source of 
error. 

In the third method each hill was^given a rating corresponding to 
.the most susceptible-type lesion founil on any tuber in the hill. The 
justification for this method is based on the theory that if one tuber 
in the hill is susceptible to a given degree all othe>-s in the hill are 
potentially susceptible to an equal degree but have escaped infection. 
If this method should prove reliable it would greatly simplify the task 
of testing for scab resistance. 

The fourth method consisted in rapidly rating each hill into one of 
the five classes on the basis of the predominant type of scab lesion 
among all the tubers of the hill. An attempt w^as made to have this 
method somewhat comparable to wdiat would be accomplished if the 
individual hills were rated in the field at harvest time. 

EXPERIMENTAL RESULTS 

METHOD OF MEASURING SCAB 

The data obtained by these various methods of classification are pre¬ 
sented in tables 1 and 2. In table 1 are given the data on the inbred 
families; the data on the crosses are given in table 2. The data are 
separated into two tables merely for convenience. The analysis of 
variance was applied to the data as a wdiole. 


Table 1. —Mean scab ratings of SS inbred fainilies as measured by the /, different 

methods 


Family 


_- .. 

11-1-3-2 ... . . 

82-1.. ... 

29-14_ ..... 

29-13...... 

JM-2-1.. 

13-1_ .. 

11- 8-1-9-1.... . .. 

3-2-4.... .._ , _ 

34-1-1. 

12- 2-4-1-7. _ 

9- 1. 

29-13-6_ ... ._ 

40-2 2. 

10- 4-2.-. 

I- 4 2... 

82 8. 

82-6. 

11- l-^M-l.... 

82-10. 

82-11.. . 

82-4..... 

82-2. 

II- 8-1-9^ .. 

11-8-1-9-4.... ... 

n-1-2-2-4_ _ - - . 

6-10-1. 

14. 

1-J.. 


16-1 .. ..... 

11 - 1-26 . 

9 

S. E. of diilerenoe.. ... .. 

Difference required for significance. 


Alltnl>ers 

LarKC 

tubers 

scab 

j Preduun- 
j mint M'jib 




j 

l 68 

1 70 

2 21 

1 48 

1 HI 

1 30 

2 12 

3 60 

1 06 

1 2(» 

< 2 (Hi 

1 37 

1 08 

1 16 

1 82 

1 34 

1,(KI 

1.21 

1.48 

1. 16 

.78 

1.01 

1..67 

1 (K) 

64 

.96 

1 40 

1 24 

.72 

. 93 1 

1 48 

1.22 

.82 

.92 

1 61 

1 32 

.84 ' 

.90 

3.59 

1 13 

.74 ! 

.82 

1 56 

1 29 

.70 1 

.88 

1.40 

1. 14 

51 

.81 

1 :>q 

1. 12 

.70 

.80 

1.42 

1 14 

.51 1 

.78 

1.34 

1 03 

.49 ! 

.78 

1 56 

1 20 

.51 

.76 

1.33 

1 (H) 

47 

.68 

1 30 

1 04 

,42 j 

.64 

1,31 

1 08 

,49 

.64 

1.43 

1. 10 

.45 

.68 

J.21 

1.14 

,59 

.68 

M.37 

1 06 

.66 

.67 

1.70 

1.26 

,64 

.fi3 

1.32 

1.08 

.46 

.59 

1.36 

1. 10 

.44 

.66 

1.26 

! 1.02 

.46 

.52 

J.33 

1 1 07 

.36 

.52 

3,16 

! 1.03 

.35 

.50 

J. 14 

1.00 

.32 

.48 

t 22 

1.00 

,36 

.48 

1 48 

1,00 

.31 

.42 

1.06 

].(K) 

.24 

.. - „•_ 

.36 

J 00 

1.00 

.167 

. 190 

.214 

.241 

.:i3 

1 

.38 

.43 

.48 
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Becmise of the loss of 1 replication of JO families before notes were 
taken, there were 3 replications for only 44 of the families. The data 
were an alyzed separately for two and t h ree replications. Th e resu 1 ts of 
these analyses are i^iven in table,3, When the variance for error for 
three replications is compared with that for two replications it is seen - 
that the third replication added relatively little to the reliability of 
measurement. Tjiis is probably because the third replication was 
planted on soil that was less heavily infested with scab. In view of 
this fact, and because it was desired to use the data on certain families 
with only two replications, the data based on two replications only 
wtu-e used in further consideration of the results of the experiment. 

Tablk 2.- scab laiitigs of 21 hybrid families as measured by the 4 different 

methods 


ros'' Ni» 

! 

Parents i 

All 

* tubers 

T)firge 

tubers 

Hijrhest 

.scab 

Preiloini* 
nant w*ab 
tMJC 

12.1. .V» 

'rnuiuiih X 4 26 7 1 - . . . . ' 

1 64 

... 

2 

6* 

J 

SO 

121 ;i6 

\Varl»a X 11 1 3 2-. - _ . . . i 

1 17 

1 28 

2 

24 

1 

60 

119 36 

^\ arha X 12 2-4-j-7 . -- -! 

1 00 

1 10 

J 

78 

1 

‘M 

31 36 

11 1-3-2 X *0-4-2 6 1 . - -1 

98 

J 14 

1 

94 

1 

40 

126 36 

'rrJUiTipli X 40-2-2 2 1 . .j 

1 01 

1 12 

1 

84 

1 

IH) 

194 36 

Kaily Ohio X 12 2 4 1 7 

80 

99 

1 

84 

1 

40 

IIH 36 

Wnrhu X 6-10-1 . 

78 

94 

1 

00 

1 

24 

111 36 

Earl> Ohio X 6-10 1... 

80 

91 

1 

«i 

1 

22 

112 .1.6 

Early Ohio X 41 1-1 7 o-i 

80 

89 

1 

60 

1 

2f) 

27 36 

11 1-2 1 < 39 3 1-1-5 

Tf) 

88 

1 

Of) 

1 

27 

124 36 

Triumph x 6 lo-1 . . 

78 

.87 

1 

Of) 

i 

23 

107 36 

82 10 X 12 2 *1-7 

7f5 

84 

1 

69 

1 

22 

148 36 

Russet aural x 6 10-1 

70 

84 

1 

67 

J 

34 

IfH 36 1 

Ersflitij: X 40^ 2 2... . 

72 

84 i 

1 

72 

1 

10 

32 36 

11 1 2 2 4 X 21 2 2 

1 fd 

7* ! 

1 

.-.3 

1 

(K> 

172 36 

J If) 30 1 31 X 4 26 7- 1 

r>8 


1 

f.4 

1 

29 

196 36 

1 JtilH*! X 6 10 1 . 

! 

' 73 

1 

2f) 

1 

14 

39 36 

n S 1-9-4 X 21 2 2 

' 67 

72 

1 

02 , 

1 

20 

194 36 i 

82 4 X 12 2-1-1 7 

; 74 

72 

1 

Tl i 

, 1 

26 

1 36 

19 3-1-1 1 l-l X 6 lO-l 

.6f) 

70 

1 

02 1 

i 1 

08 

84 36 1 

74 1 X 21 2 2 . 

' 66 

04 

, 1 

64 I 

1 1 

10 

173 36 i 

110 301-31X610-1 

! 09 

04 

1 1 

10 

1 1 

20 

113 36 

Eaih Ohio X 4 9 3 1 I 1 1-1 

1 fd 

04 

1 

f)0 

1 1 

29 

9 36 i 

1 1 26 -0 X .5 10 1 

48 

66 

1 1 

49 

j ] 

20 

6 36 

1 4 9- 3 -1-1-1 1 1 X 82 lU . 

.38 

62 

1 1 

40 

! 1 

IHi 

197 36 : 

1 Arnica X 6 11 8 1 .. 

. 32 

:i8 

1 

08 

1 1 

(K) 

lOt'i 36 

' Jubol X 6 14-8 1 - - -- - - - 

: -1 

30 

1 

03 

1 

18 


S E of <iUTeroncc 

{ 107 

190 


214 


241 


' Oiirerencc* required for sqrnificauc*e . _ . 

33 

.38 


43 


4^ 


Table 3. -Sunima^ry of analyses of variance of data o7i scab resistance of 60 seedling 
families based o7i 4 different methods of measuring scab resistance^ and on 2 
or on 3 replications 

THREE KEPUrATXONS 


yari 



Variatioti due to— 

1 

T>egrees of 
freedom 

All tul)er.s j 

1 

Large 1 
tuberp only] 

' Mean high¬ 
est scab 
j rating 

_ 

j Prcdoiiu- 
uant scab 
t^pe 

Families 

Error 

" .' 1 

43 

86 

1 0 216 
.029 

M).210 

.933 

1 

1 1 0 283 

1 (M3 

J 0 005 
020 


TWO REPLICATIONS 


•« 

Families. 

59 

1 0 168 ! 

» 0 105 

Error. 

59 

.028 

.036 


0. 967 
04(> 


I The value of F exceeds tbe 1 percent point. 
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It is evident from table 3 that significant differences in scab sus¬ 
ceptibility were revealed by all four methods of measurement, but 
the most effective method was that based on all tubers, closely fol¬ 
lowed by that based on large tubers, only. The ratings based on the 
highest scab type gave significant (Ufferences between families, 
while the method of rating on the predominant scab type proved 
unsatisfactory. • 

A further test of the efficiency of the different methods of scab 
measurement was obtained by determining the degree of correlation 
between the mean S('>ab ratings of related Fj progenies. Theor(*.tically, 
one would expect, a positive correlation of the mean scab ratings of 
related ])rogenies if the methods of measurement are reliable. Four¬ 
teen selections or varieties entered into one or more crosses. The 
coefficient of correlation for these related ])rogenies was determined 
for each of the methods of recording the scab data. The coefficients 
of correlation were as follows: 


All tubers__ . .. . _ 0. .59 Highest scab type,. 0. 31 

J..argc tubers.. ... . .50 Predominant scab type,,,.OS 


The coefficient based on all tubers and on large tubers is highly 
significant, exceeding the l-percent point.. That based on the highest, 
scab type exceeds the fi-percent point and is also significant, but that 
based on tlie predominant scab type is not significant. An analysis 
of variance of the mean scab ratings within and between these related 
groups as given in table 4 shows essentially the same relationship. 


1'able 4. “ Analysis of variance of scab ratings within and between groups of 

related Fi families 


Variatiori'’- 


Botween groups 
WMlhiii groups 


J >CKrtw‘s of 


V’liriMru'o 

freedom 

All 

tuberjj 

Imrge 1 
tubers | 

Highest 1 
scab 

11 

I 0. l(>:i«5 

J 0 I7U7 I 

I 0 2222 

25 

omi 

i 

.(«r)7 



rr^'ilonn 
naiu s(‘ah 
tyiM? 


0 mis 
Arm 


» The \alue of /’exceeds the l percent point* 


The tubers in this experiment were small. That larger tubers 
would increase the accuracy of rating is suggested by a comparison 
of the selfed families with the hybrid families given in table 5. The 
33 selfed lines yielded on an average about 50 percent less than the 
hybrids. vSince the average number of tubers })er plant did not 
differ greatly for the two groups, most of the difference in yield may be 
attributed to size of tubers. The average mean scab i^itings for the 
two groups were the same only wdiere none but the largest tubers in 
the hill w^ere considered. For the other three methods of rating, the 
average scab ratings of the selfed lines are less than those of the 
hybrid families. Although these differences are not large, they 
suggest that the smaller tubers in the selfed lines, by escaping in¬ 
fection, may have caused a relatively lower mean scab rating of the 
selfed lines as compared with the hybrid 4amilie8. If this were true, 
all other things being equal, one would expect the average mean scab 
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rating of the selfeiJ lines to he considerably lower than that of the 
hybrid families. However, since many of the hybrid families were 
from crosses made for the specific purpose of introducing scab re¬ 
sistance, it is probable that this, tended to equalize the average mean 
scab rating of the two groups. Additional evidence as to the relia¬ 
bility of the methods may be obtained from a consideration of tables 
fi, 7, 8, and 9. ^In tables 6, 7, and 8 the mean scab ratings of the 
f)rogenies are listed in order of susceptibility on the basis of data on 
the large tubers. It will be noted in each table that the progenies 
do not retain the same relative position by each of the four methods 
of rating, but the general trend is the same. The rating of the 
progenies by the “predominant scab type” method is not in agree¬ 
ment with that obtained by the olher methods. This method, as 
has been sliowii, is also the least reliable. 

Table 5. - Yield and acah raii7igs of the selfed Itnefs and the hybrid families 



j Mean ! 

Funiiii.w ' nuinbei J 
lamjlHS . tu»H*rs j 

j i>er planl 

! 

j 1 



Vlean scab ratirnrs 


Itorn 

Mean 
Meld 
I»er hill 

Ml 

tubers 

Larjre 

tubers 

Uinhe''t 

scab 

Predoiiu- 
nant 
scab 
t> IH* 

Solftvl linei. 

Uj hiitl farniliON 

' j ' I 

1 1 I 

1 :n j 4 10 ! 

i 27 , 4 1*9 1 

(ira ttif^ \ 
he, 

If 59 ; 

0 

1 U 797 

; . 792 

1 Afi 

1 f;2 

1 

1 24 

Jjjllt'renct* miuiuMl /oi 

nilK-anee. 


OflO 

1 099 

078 

j 088 


In table 9 those crosses that w^ere included in the test and in which 
the scab resistan(*.e of tiic parents is known, are arranged in sL\ groups 
on tlie basis of the susceptibility of the parents. The scab ratings 
of the progenies of these crosses are in striking agreement wdth the 
known scab resistance of the parents. It is difficult to believe that 
such close agreement could have been possible if the methods of 
measuring scab resistance had not been reasonably accurate. 

HEUEDITAHY DIFFEHENCB^S IN RESISTANCE BETWEB^N PROGENIES 

It can be shown that the observed differences in mean s(‘ab rating 
are hereditary by grouping together those hybrid families with a 
common ]>arent and comparing the variance in mean scab rating 
within and between these groups of related families. Tw'elve groups, 
comprising 37 hybrid families, arc available for comparison. In 
table 4 are given the variances obtained within,ami between groups 
by each of the four methods of classification. A significant difference 
was found between groups of related families by the “all tubers,” 
“large tubers,” and “highest scab” methods of rating. The results 
indicate that the mean scab ratings of the families within the groups 
were more similar than the ratings of the families in different groups. 
The uniformity obtained within groups can in part be ascribed to 
the influence of the common parent for each group of crosses and the 
significant variances obtained between gi’oups is due to significant 
differences in breeding behavior for scab resistance beWeen the 
common parents. The common parents and the average mean scab 
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rating for each of the 12 groups are given in table 0. It has been 
establishetl that there remains a significant difference between these 
groups of related pi'ogenies after the removal of the variance due to 
the unrelated parents witliin each gi;^)up (table 4). It is of interest 
note that the Triumph, 11-1- 3 2, and Warba show no breeding 
value for scab resistance. On the other hand, the vaiiety dubel 
and the selection 5 -14 8 1 have a high breeding varhie, as indicated 
by the low mean scab ratings of their hybrid progeny. It would be 
unsafe to draw conclusions on the intermediate groups, although a 
further analysis of these parents indicates that some of them have 
considerable breeding value for scab resistance. 


Table G. — The common’-parent ami the average-mean-scab rating for each of 12 

groups of families 


sfiih ruUny: of Fi families 


Oroiip 

No. 

Common parent 

El fami¬ 
lies 

All 

Large 




1 uber.s 

tubers 



A'MTwftrr 



1 

Tnuinfih. 

•'1 

1 12 

1 22 

2 

»M-3-'2. 

2 

1 OH 

1 21 

3 

Warba.... 

3 

.98 

1 13 

4 

12 2"4d'7.- .. 

4 

h2 

9.3 

5 

Early Ohio . 

4 

1 7f» 

Hfi 

f) 

fy 10-1 ... 

H 

1 .67 

77 

7 

40-2-2. . _ _ 

2 

61 

7H 

8 

21 2-2.. . .... __ 

2 

5K 

♦)W 

0 

82-10. . 

2 

.57 

6S 

10 

11 

! 4-9-3-1 11-11 . i 

Jubel . -. . 1 

•> 

2 

.5.1 

42 ! 

tl2 

52 

12 

5-14-8-1..... ' 

2 1 

' 26 

34 i 

Difference roquifod for biguificarict*. K 


167 

190 ! 

1 


llijihost 

seal) 


2 01 
2 00 
1 87 
1 73 
1 67 
1 40 
1 67 
1 M 
1 50 
1 56 
1 M 
I 05 

214 


1 rredonii- 
! nant scab 
type 


1 34 
1 56 
I 37 
. 1 30 
J 27 
1 21 
1 IS 
1 OS 
1 14 
J II 
J 16 
1 00 

.241 


J Between those groups containing more than 2 Kj faniihes a .smuller ililTereiice would be required for 
.siguificaiice. 


Table 7.- Mean scab rating of Fi progenies of S parents^ each ffrossed with line 

o JO-1 



. . _ _ ^ ... ... 

1 


1 

fros^ 

Parent s 

i 

1 

All 

Large 

Highest, 

No. 

tubers 

tubeis 

scab 

118 35 

Warba X Tr 10 1 . J 

f) 78 

0 94 

1 60 

111 35 

Ohio X 5 lO-l.. . .. . 

.80 

91 

1 61 

124. 35 

'rriumpbX r>"io-l. _ . ... _ 

76 

87 

1 66 

148 35 

Kusvset Rural X 5-10-1_ .. , _ 

70 

84 

I 57 

165 35 

Jubol X 6-10-1. .. ___ 

64 

.73 

1.26 

1 35 

4 -9-3 l-l-l-l-l X 5-10-1.. 

.56 

.70 

1 62 

173 35 

116..30 1-31 X 5-10-1.. 

fH) 

. 04 

i.m 

9 36 

4-2.5-6X5-10-1.... 

1 

48 

55 

1.49 

Difference required for significancHi.. _ . 

.33 

.38 

• .43 


rredonii- 
naiit scab 
type 


1.24 
1 22 
1 23 
1 34 
1 14 
1,08 
1.26 
1.20 


0) 


‘ Not significant. 


In the above study it has been shown that, when all the crosses in 
which a given parent entered are gi’oiiped, there are significant differ¬ 
ences between the avera'ge mean scab rating of these groups. A com¬ 
parison between the hybrid families within, a grouj) having a common 
parent is given in table 7. These eight hybrid families are taken from 
group 6, table 6, and consist of crosses between selection 5-10-1 and 
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eight other parents. It will be noted from table 7 that the largest dif¬ 
ferences between the mean scab ratings of the hybrid progenies ap- 
])roaeh twice the standard error. The five varietal parents gave hybrid 
families with mean scab ratings approaching the order of their be¬ 
havior as clones in the varietal test plot. It would appear from these' 
results that the method of crossing all individual sekvc*.tions to a com¬ 
mon parent teneVi to bring out existing hereditary differences. How¬ 
ever, in these tests it was a less satisfactory method of testing the 
breeding value of selections for scab resistance than the method of 
testing the selections in a group of crosses or of testing their selfed 
progenies. 

Tabt.k 8 .—Mean scab rating of progenies of JO parents ivhe}t selfed and when 

crossed 





1 


f'rossed 


1‘arenfs 




i 

Credo rn-j 



j 

Pre<]onj- 


All 


Uiirhest 

JlUUIt ' 

All 


j Iliuhest 

inant 


tuber'^ 

Ifjhors 

scab 

s<*.'ib i 

1 nbors 

tubers 

1 scab 

seal) 





tvpe 




I vpp 

11-1 3-2 

1 34 

1 30 

2 12 

1 f)0 

1 OK 

I 21 

1 

; 2 09 

1 rd 

n- 1-2-1 . 

78 

1 01 

1 57 

1 00 1 

70 

88 

' i 00 

1 J 23 

12-2 117 

71 

82 

J .50 

; 1 29 1 

82 

93 

i 1 73 

] 30 

40-2-2. 

70 

80 

1 12 

1 14 ! 

01 

78 

' 1 07 

1 18 

S2 1 . . 

i 7i9 

{ 08 

i 1 37 

1 01 ■ 

74 

1 

1 1 71 

I ’ 1 25 

82 10 

-49 

• (.4 

• 1 H 

1 1 10 1 

57 

1 t»8 

! 1 50 

1 11 

11-8 1 0 4 

4.*) 

.'9 

1 1 3<» 

1 10 ! 

57 

' 72 

1 1 02 

1 1 1 20 

11- 1 2 2-4 

. 41 

.'iO 

I 1 2/> i 

, 1 02 j 

01 

1 7-1 

1 1 53 

i i 1 no 

'i-lO 1 . . 

40 

. 52 

1 1 3:1 

1 07 i 

07 

77 

' 1 49 

1 21 

21 2 2 

30 

1 

, 1 48 1 

1 1 00 ; 

1 

00 

; »)9 

1 51 

1 08 

DitToront'a rtviuirod for , 


I 


i 

' 1 



; 


sofiJiflcanci* 

33 

1 38 

1 IS 

; ('') ! 

33 

1 38 

43 

(0 


1 UmssouK 

2 Not Mgmflc’aiit 

The relaticMi of the mean scab ratings of selfed lines with the average 
mean scab rating of all the crosses in which each line entered is given 
in table S. This table shows the mean scab ratings of 10 selfed lines 
and the average mean scab rating for the hybrid families from each 
selection. vSelfed lines 11 1-3-2 and 11 1-2-1 have a significantly 
higher mean scab rating than 5 10-1 and 21 2 -2. Wider diffei'ences 
exist between the selfed lines than between their hybrid progenies. 
In the latter a significant difference is .shown by 11-1 3 2, which, 
in both its selfed line and hybrid progenies, gave a high mean scab 
rating. In this comparison the selfed lines proved much more effective 
in bringing out significant differences between selections than their 
hybrid families. 

In the studies so far presented the behavior of Fj families has been 
compared with that of one parent of the cross. In table 0 the crosses 
are grouped according to the reaction of the parents to scab. The 
five groups are as follows: Susceptible X susceptible, susceptible X 
resistant, intermediate X intermediate, intermediate X resistant, 
and resistant X resistant. The parent varieties are classed as suscep¬ 
tible or resistant on the basis of 2 or more years’ test. The parent 
selections were placed in the susceptible, intermediate, and resistant 
classes according to the mean scab rating of their selfed lines as given 
in table 8. The data show that the mean scab ratings of crosses 
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between susceptible parents are significantly higher than in the crosses 
of the susceptible X resistant group. This latter group has a higher 
scab rating than the group of crosses between intermediate and the 
intermediate X resistant group. The difference obtained between 
the latter two groups is insignificant. The crosses between the resist¬ 
ant parents gave a significantly lower average mean scab rating than 
the other four groups of crosses. u 

Table 9. — Mean scab ratings of f\ progenies of I 4 crosses grouped according to the 

susceptibility of the parents 






Mean scab rating of Fj i>rogenies 

Uroup 

Type of 
cross 1 

Cross No 

Parents 

All tubers 

fiarge 

tubers 

Highest 

rating 

Predom¬ 

inant 

rating 

1 

S X s 

121 

Warba X 11 1-3-2 . 

1 17 

1 28 

2 24 

1 50 

2 

sxi 

/ 119.:i6 

Warba X 12-2-4-1-7 - . . .. 

1 IM) 1 

1 10 

1 78 

1 32 

\ m 35 

Ohio X 12-2-4-1 7 . 

.80 

99 

1.84 

1 40 




Mean _ .. _ . .. 

90 

1 OH 

1 81 

1 30 



f 124 35 

'rnuniph X 5-10 1. _ | 

78 

.87 

1 00 

I 23 

a 

S X R 

{ 1IK35 

Warba X 5 KM . , - ! 

1 78 

.94 

1 («1 

1 2t 


1 111 35 

Ohio X 5-10-1- . ! 

1 .80 

91 i 

1 01 

1 22 




Mean. 

1 

91 

1 02 

1 23 


j 

f 39.35 

11-8-1-9-4 X 40-2 2 .. | 

' w] 

72 

1 02 

1 20 

4 

i 1X1 

{ 104 35 

12-2-4-1-7X82-4 | 

1 74 1 

72 

1 71 

1 25 
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» S^susceptJblo; I^iuterinediatfi, K-resistaDl. 

* A smaller <liffcrenco would be required (or sfljnlfleaiico between the group means. 
3 Kut signifleaiil. 


SUMMARY 

The problem of measuring differences iu sc.ab resistance in potatoes 
was studied, with particular reference to difference between seedling 
families. A mean scab rating for each family was determined and 
expressed by the use of a numerical scale which gave a measure of 
resistance based on the type of lesion and also took into account the 
amount of 'Surface area affected. By combining the results of both 
criteria of measurement in a single numerical rating, this scale facili¬ 
tated the use of all the data in statistical analyses. 

P'our different methods of measurement were compared in a study 
of the reaction of 3B selfM lines and 27 hybrid families. In one method 
each tuber in the hill was classified according to the scale, and from 
these data an average rating for the hill was determined. In another 
method the average rating for the hill was based on the readings on 
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only those tubers larger than 1 inch in diaineter. The average of the 
hill ratirjgs was determined to obtain the mean scab rating of the 
family. Both of tliese methods gave very satisfactory results. Two, 
simplified methods of measurement were based on the most suscepti¬ 
ble typ(‘ of lesion and the predominant type of lesion in a hill, respec¬ 
tively, but these were less satisfactory than the other two methocls. 

Significant diff'?rences in mean scab rating were obtained by all 
four methods of measurement. The most significant differences were 
obtained by the methods of ‘hill tubers’" and “large tubers,” and the 
least significant by the pi’edominant scab type method. In the further 
analyses of the breeding material the four methods maintained tiie 
same relative position as regards their cfiectivencss in measuring 
signifi(*.ant difrerences. 

The hereditary nature of the differences in scab resistance found 
between the seedling families was shown by a greater variance betw^een 
groups of crosses where c'ach group had a common parent than wdthin 
these groups. A direct comjjarison of these groups show^ed significant 
differences in reaction to scab and hidicated the relative breeding value 
of the parents. Eight Fi families having 5-10 1 as a common parent 
gave diffenuices in mean scab rating which in some cases approached 
significance, indicating a diflerencc betwe(m the unrelated parents in 
their ability to transmit scab resistance. 

A significant difference between the mean scab rating of 10 selfed 
lines w as ass(>ciated with a similar but smaller difference between the 
averages of their hybrid families. 

When the crosses were grouped according to the reaction of both 
jjarents it was found that crosses between susceptible parents gave a 
significantly higher mean scab rating than crosses of susceptible with 
resistant parents. The latter crosses had a significantly higher mean 
scab rating than crosses between intermediates and crosses of inter¬ 
mediate with resistant parents. The crosses between the resistant 
])arents gave a significantly low^r mean scab rating than any of the 
other four types of crosses. 
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THE CONTROL OF DANDELIONS IN LAWNS* 

By W. E. Loomis 

Research associate professor of plant physiology^ Iowa Agricultural Experiment 

Station 

INTRODUCTION 

The common dandelion (Taraxdcvm ojficinale Weber) is the most 
troublesome weed of lawns in the cooler portions of the United States. 
The flattened leaf rosette and contractile perennial taproot adapt 
the plant to grow^th in closely mowed or pastured grasslands, while its 
ability to witlistand droujrht or unfavorable conditions when once 
established, and to regenerate new crown buds, even when cut at 
<lepths of 8 to 10 cm below the surface, contribute to its permanence. 

The growth of the dandelion in sod, and particularly in lawns, 
prevents the use of cultivation or the usual herbicides as control 
measures. Deep hand cutting and iron sulphate sprays have be^en 
most commonly used, but neither metliod is effective unless repeated 
several times at frecjiieut intervals and under favorable conditions. 

Work on measures for the control of dandelions was initiated at 
Ames, Iowa, by Ur. 1. E. Melhus and has been pursued intermittently 
for the last 9 years. The results of some of the earlier experiments 
have been published bv Melhus {18)'^ and Arnold («?). 

The work on dandelion control reported here may be divided into 
three sections: (1) that concerned with the biology and particularly 
with the food reserves of the j)lant; (2) the use of distillates as differ¬ 
ential herbicides for the control of dandelions in bluegrass sod; and 
(8) tlie ecological factors concerned in the establishment and main¬ 
tenance of dandelion-free lawns. 

THE DANDELION ROOT 

Aside from mechanical removal, the eradication of dandelions 
depends either upon killing the fleshy taproot or so weakening it as 
to prevent regeneration after cutting or spraying treatments. The 
taproot system of the plant extends 3 or more feet into the ground, 
and much of the root system of the older plants extends bemw the 
level of the grass roots. This deep rooting is an imjiortant factor in 
the ability of the plant to compete with bluegrass or other sods. 

The upper portions of the taproot, which may jfttain a diameter of 
2 cm, contain'the abundant xyleni and phloem parenchyma (‘haracter- 
istic of storage roots. Figure 1, A and B, shows this abundance of 
parenchyma, particularly in the phloem. Figure I, i?, shows also 
two features characteristic of older roots; namely, (1) the cutting off 
and sloughing of the older phloem, and (2) the tendency toward 

I Hooeived for publication August 31, 1937; issued June 1938 rai)er,No. J48fi of the Journal Senes of the 
Iowa Agricultural Experiment Station; project No. 48fi 
> Reference is made by number (italic) to literature Cited, p 867. 
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Figure l —-Crohs sections of dandelion root; Young root showing abundant imreiicKyma and! scattered 
CToups of sieve tubes in the phUjein; B, older root showing sloughing of primary phloem and formation of 
interxylein phleeni strands 

proliferation of the xylem parenchyma with the separation of xylern 
strands, the development of internal phloem, and frequently the 
separation of the older root into several strands, separate at the top 
with separate crowns biit joined at the base. 

RESERVES OF THE RdOT 

Perennial composites frequently form inulin or levulins as storage 
polysaccharides. The artichoke (IleUanthus tuberosus) and dahlia 
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{Dahlia spp.) are familiar examples. IVelimiiiary tests showed that 
the dandelion root contains levulins, substances comparable to the 
dextrins but more easily hydrolyzed and yielding fructose instead of 
j 2 :lucose. Levulins are distinguished from inulin by their greater 
solubility in cold water. 

A r)-g sample of root residue, which had been killed and thoroughly 
extrachul with ^JO-percent alcohol to remove sugars, dried, and 
ground to 200 mesh in a ball mill, was extracted 10 times with cold 
water. Each extraction was hydrolyzed separately with 1 + 100^^ 
IIC1 at 70*^ C. for 35 minutes, a.n<l the reducing value of one-fifth 
aliquots determined by the Munson-Walker-Bertrand method as given 
by Loomis and Shull {17), Tlie residue from the cold water extrac¬ 
tion was then extracted 10 times with boiling water by suspending 
in hot water in centrifuge tubes immersed in a boiling water bath, 
and stirring intermittently for 30 minutes. The residue was centri¬ 
fuged out and ea<‘h extraction hydrolyzed separately as above and 
tested for reducing substances. 

Tabi.k I - Hvdunitg suhsiances yielded by Huceeftmre ho{~ and cold-water exirnciions 
of a sugar-free dandeliofi root powder 
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The results of the two tests, gi\en in table 1, show that only cold- 
water-soluble polysaccharide reserves were ])resent. Inulin and por¬ 
tions of any starch ])resent would lia\e been extracted ])y the hot 
water, but the data indicate that onh traces of material, such as would 
liave been obtained from slow’ hydrolysis of heniicelluloses, were 
found in the hot-water extract. Tlie absence of starch wa^ shown by 
the iixline test also, and it is inferred that starch and inulin are not 
normal storage forms in dandelion. 

Hie cold-w’ater extract from 5 g of powder was made to 1 liter and 
fiO-inl aliquots used for hydrolysis tests as indicators of the contained 
materials. Fifty milliliters of this extract, cleared with neutral lead 
acetate and hydrolyzed under inulin hydrolysis conditions (1 + 100 
IK''! at 70° C. for 35 minutes {13)), gave a reducing value of 17.0 mg 
wdien calculated as invert sugar. The uncleared solution ga\e a value 
of 19.4 mg which is higher than the value for the cleared solution by 
seven times the error of determination. The loss could have been due 
either to occlusion of levulins with tlie lead precipitate or to the 
presence of a levulin gum containing an a(ud radical and thus forming 
a lead salt. When the hydrolysis time at 70° (\ wdth 14 100 HCl 


One pan of cnmentiatert c p HIM and 100 parts of nater b> \olunie Approxiraalelj 0 43 iHjrcetit 
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was increased by intervals from 0 to 120 minutes, the invert sugar 
yields from 50-ml aliquots of the solution varied as indicated below. 


Period of hydrolysu at 70° C. 
(minutes) 

0 

10 

20 

30 

40 

60 

120 


Reducing substances from SO ml extract as 
invtrt sugar (milligrams) 

1 . 4 

18 . 7 

19 . 2 
19.‘'6 

19 . 7 

20 . 3 

21 . 3 


Ijevulin hydrolysis should be completed in 35 minutes; it will be 
noticed that it was very nearly completed in 10 minutes, but that there 
was a slight increase in reducing value with continued heating in spite 
of the slow destruction of levulose by the heating. The continued rise 
with time su^ested a mixture of dextrin and levulin, and hydrolysis 
with 1 +20 IICl at 120® C. for 30 minutes gave a reducing sugar value 
of 28.7 mg. 

The material was tested further for the presence of dextrins by a 
series of hydrolyses, with another sample of extract, in which acid 
concentration, heating time, and heating temperature were varied 
independently. The results, given in table 2, indicate the presence of 
a mixture of levulin and dextrin in approximately equal quantities. 
The reducing value of this extract after levulin hydrolysis (1 + 100 HCl 
at 70® C. for 35 minutes) was 11.6 mg invert sugar in 50 ml of extract; 
after dextrin hydrolysis (1 + 20 HC3 at 120® for 60 minutes), it was 
19.8 mg; and after a shorter hydrolysis at the higher temperature, to 
hydrolyze most of the dextrin with a minimum destruction of levu« 
lose, tfie value was 21.5 mg. Heating in 1+40 HCl for 120 minutes 
did not give* a significantly different value. Shorter heating with the 
weaker acid gave low values, suggesting an incomplete hydrolysis of 
dextrins. 


Table 2.^—Hydrolysis of cold-water extract of dandelion residu€*with 1 \-)i0 and 
1 4 /,() HCl at 70^ and 120° C. 


Heating 

time 

(minutes) 

Tempera¬ 

ture 

Reducing sugar» i)er 
50 ml when ftydro- 
lyjsed with Indicate<l 
concentration of acid 

lleating 

time 

(minutes) 

j 

Tempera¬ 

ture 

Reducing .sugar» per 
50 ml when hvdro- 
lyKCfJ with Indicated 
concentration of acid 

14>20 11(^1 

1440 1101 

1420 HCl 

Milligrams 
19 » 
18 6 

14-40 HCl 


°C 

70 

120 

Milligrams 
12 3 

• 21 6 

Milligrams 
12 2 
16.7 

60 . _ 

°C\ 

120 

120 

! 

MiUigrams 
17.1 
22 3 

. 

30- - - 

120. .. 




* J4-100 UOlat 70® C' for 35 minutes gave an invert sugar value of 11.6 mg per ."iO ml of extract 
SEASONAL FLUCTUATIONS IN THE RESERVES OF THE ROOT 

The effectiveness of any method of dandelion control which kills or 
removes only the upper portions of the plant will depend directly 
upon the food reserve level of the roots at the time of treatment. The 
effectiveness of other types of treatment also may be correlated with 
reserve level. 

Samples were taken at approximately monthly intervals during thr 
summer of 1935, The season was normal, and dandelions were 
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dominant in the eren from which the samples were dug. The washed 
roots were sliced into boiling alcohol and extracted and the several 
fractions determined with methods given by Loomis and Shull {17), 
The reserve polysaccharide det^n-mination w^as simplified by hydro¬ 
lyzing with 1 i-20 riCl for 80 minutes at 120° C. Results so obtained 
are approximately 10 ])ercent low' because of the destruction of levu- 
lose at the liigh^ tem])erature. The analytical data are summarized 
in table 8. Tlie low’ point in total nitrogen came at the time of fruit¬ 
ing, but tlie low point in carbohydrate reserves was ay)parently 
reached during early vegetative growth. Instead of a drop during 
flowering, the polysaccharides, wiiich were the dominant carbohydrate 
reserve, increasecl from the first sampling on May 1 to a liigh during 
a short dry ])eriod in July and remained high excej)t for a dip with 
new^ growth following late July rains. The carbohydrate anal^^ses 
suggest that treatments, such as cutting or iron sprays, the elTective- 
ness of which depejids upon low' reserves^ should be made early in the 
season. 

'Parle 3 .—Carhohijdratf and nitrogen content on fresh-wcight bams of dondchon 
roots at different times of the gear 
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HEKBiriDES FOU THE <H)NTROL OF r)ANl)ELl()N 

0 

Iroij sulphate (ferrous) was widely advocated for weed control by 
Bolley (J) at the l)eginning of the century. He stated that dandelion 
plants were j)revented from seeding but not killed by four syu-ays. 
Adams (i?) and Moore and Stone (//?) likewise recommetided iron 
sulphate, but ap})arently they took their records shortly after spray¬ 
ing and before the plants had resprouted from the roots. Arthur (4), 
French (7), Fyles (<^), and Olive (21) report that the heaves were 
quickly blackened and killed, but that the plants resprouted from the 
roots even after repeated treatments. French sprayed 12 times in 2 
years without killing the stronger dandelion jJ^ints. On the other 
hand, Muiin (20) and Longyear (15) reported satisfactory control 
with three or four sprays properly applied. In the present writer's 
work, single sprays in connection with heavy fertilization and under 
favorable conditions have given a 40-percent control, and three sprays 
under less favorable conditions have given no control. 

Other herbicides recommended by various authors include sulphuric 
acid {!), ammonium thiocyanate,* furfural emulsions (d), ammonium 
sulphate (^), gasoline, and kerosene. Of these, the first three bum 
or kill the grass when aylplied at rates which are effective against 

* Harvey, K B. ammonium sL’LForY\NATE as a weed Minn Eniv., Div. Plant Physiol. 

Mimeographed Pub. 1930. 
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daiHlelions. Gasoline burns the grass and is too volatile to be used 
as a spray in warm weather. Kerosene was used by Longyear {IS) 
and Olive {21) for individual plant applications made with an oilcan, 
but its use as a diflerential spray was first reported by Loomis and 
'Noecker ()6*). 

Kerosene and other distillates have been used on the Iowa State 
College campus on some 200 experimental plots and on two 5-acro 
and one 30-acre area. The results have varied from a TiO-pereent 
mortality of dandelions and serious injury to the grass to a lOO-per- 
cent mortality of dandelions from a single application and no perma¬ 
nent injury to bluegrass or white clover sods. Kerosene specifica¬ 
tions and weather at and after the time of spraying appear to be the 
factors that determine the success or failure of the treatment. 

SPECIFICATIONS OF A KEROSENE FOR LAWN SPRAYING 

The boiling-point range for commercial kerosenes is commonly 1S()° 
to 200 ^^ C. Perfection kerosene, a commercial ])ro<luct with a boiling- 
point range of 185® to 240®, was compared with distillation cuts from 
a specially purilied lot of naphtha, prepared and supplied by an oil 
refiner}^ in Okmulgee, Okla. This latter j)roduct was treated to 
reduce the percentage of unsaturated hydroeaihons, and then frae- 
tioned into low, medium, and high boiling-point-range samjiles. 
A sample of acid-washed Red Crown gasoline having a boiling-point 
range of 40® to 180® was included in the test. The results of the 
experiment are given in table 4. They indicate that the medium 
boiling-point fractions were most satisfactory for the conditions of 
the spraying, a cool day in mid-October. The distillates having the 
higher boiling points left an oily residue on the sod and seriously 
injured or netirly killed the grass as well as the dandelions. Probably 
botii residue and gruvss injury with these fractions would have been 
less noticeable had the spraying been done in warmer weather. 

Tabl?: 4. —Percentage of dandelions killed and of bluegrass injured uith various 

hydrocarbon sprays having different boiling pointSy applied during cool u'eather 

in mid-October « 


[Data arc averaRcs of thobc from three l(K)-square-foot plots] 
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I Acid-washed Rasoline- - Red Crown 
»Aeid-washed jPerfection kerosene 
3 3 fractions of refinery purified distillate. 


Gasoline sprays in warm weather have resulted in a quick burn of 
both grass and dandelions, but few if any of the dandelion plants 
have failed to recover. * Kerosene may give a poor kill, apparently 
because of its volatility, when used m hot w^eather, and it seems 
probable that a dandelion spray for general conditions could include 
distillates up to 275® C.'when mixed with the lighter kerosene. Kero¬ 
sene (180®“250®), however, can be used alone in any but the hottest 
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weather. The inclusion of fractions with a boiling-point range below 
ISO® would be permissible in cool weather but would add to the cost 
of the treatment. 

The unsaturated hydrocarbon content of distillates has been shown 
{22) to be a major factor in their toxicity to foliage, and the writer has 
found that oils containing considerable percentages of unsaturated 
com])ounds destroy bluegrass sods as well as dandelion plants. A 
number of distillates of the kerosene boiling-point range of ISO® to 
250° C. and different percentages of unsaturated hydrocarbons have 
been used in various tests. Perfection kerosene is described by the 
refiners as a straight-run distillate, that is, one obtained from the 
first distillation of tlie crude oil before cracking treatments are used, 
and as containing from 2.5 to 4 percent of unsaturated hydrocarbons. 
Recycle gas oil, also known as tractor distillate, is the same boiling- 
point cut on the cracked residue from the first distillation. The break¬ 
ing of the long-chain, high-boiling-point hydrocarbons in cracking 
leaves many unsaturated compounds, and recycle gas oil may run 
20 percent or more unsalurated. Distillates prepared for such prod¬ 
ucts as fl 3 ^-s])ray buses are washed with concentratCHl sulphuric acid 
or ecpiivalent treatments which reduce the percentage of unsatu¬ 
rated compounds to approximately 1 percent. Whenever these three 
{irenarations have been compared it lias been found, as shown in 
table 5, that the gas oil or tractor distillate destroys bluegrass as well 
as dandelions. ()il with 3 to 4 percent of unsaturated compounds 
appears to be safe under favorable conditions. Commercially^ purified 
oils, or kerosenes washed with concentrated sulphuric acid, have, in 
three trials, been somewliat less effective in eradicating dandelions 
than the straight-run kerosene. Injury to the grass by late fall 
(November 1) spraying was not prevented by washing kerosene with 
acid. More exact determinations of the tolerance of bluegrass to 
unsaturated hydrocarbons are needed, but i)resent findings indicate 
that an unsaturated content of not more than 4 percent should bo 
spe<‘itied. 

Tablk 5.— 7Vk’ relation of vnmiuraied hydrocarbon conUht of distillate sprays to 
dandelion control and grass injury 

[Data are average's from three rephcate<i plots] 
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J .Average figures for tyi)e of material used. 

a Seedling wunts in Way after spraying m October, they represent new invasion. 
^ Injury more severe than normal because .sprays were applied in late Octolier. 
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CONTROL OF DANDELIONS WITH KEROSENE 
Methods op Application 

Two metliods of applying kerosene piay be used. Individual plants 
may be sprayed (fig. 2, A) when scattered plants are to be eradicated, 



Fkjvue 2 kerosene for dandelion control ,t. Method for M'altered jilanl.s or sTiiall areas. 

H, spra^vui? large aieas. 


or broadcast sprays (fig. 2, H) may tie used for larger areas and 
heavier infestations. Individual plant applications can be used over 
a wider range of conditions and are safer for lawn uscl dust enough 
kerosene to wet the crowui and most of tlie leaves of the plant should 
be applied as a fine spray. If a lawn is treated in jiart by siiotting and 
in part by spraying, an irregular growth for 2 or 3 weeks will result 
from the checking of the grow th of t he grass in the sprayed areas. 

Power sprayers, such as the one illustrated in figure 2, R, should 
be adjusted to cover the surface uniformly at a rate of 200 gallons an 
acre. Kerosene atomizes readily and a high pressure is*not rt^ipiired 
in its application. Although such a machine has not been used, good 
results would be expecteit with a traction-driven potato sprayer. 
If the spray is applied in the falj, as recommended, incidental spraying 
of deciduous shrubbery will do no harm. fCvergreens should not be 
sprayed. 

Weather Factors 

Kerosene may be applied to wet grass or during a rain without 
appreciable loss of effectiveness. In fact, sprays so applied, because 
of less loss from evimoration, may be more effective than those appilied 
in clear w^eather. The opposite relationship holds for ferrous sulphate 
sprays which are washed from the leaves by rain. 

Temperature and sunshine are important factors in the effectiveness 
of kerosene sprays for dandelions. One comparison of their effect 
was made on July 21, 1935. One of two plots was sprayed at 10:30 
a. m. in bright sunlight, temperature 35® C.; the second plot was 
sprayed after sundown of the same day, temperature 22®. On 
October the percentage mortality of dandelions was 20 and 85, 
whereas grass injury was 80 and 0 percent. Additional data are 
given in table 0. 
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Table 6. —Jielaiion of weather factors to the effectiveness of kerosene sprays^ 1935 


[Drtncielion counts ou May 5, 1936, all <lato arc average of three replications] 


praying treat men! i 


j Mature j 
} (lamlehons jDatnlchoiis 
j per 100 j killed 

! square feet | 


Ctrass cover 


{ Seedling ^ 
; dandelions' 
i per 100 
j square feet 


f I lock... 

Sei>t. IJ, ('. him, 6 p ui. 
Sept. 25, 22®, cloinly . 

Sept. 28. 18®, sun __ . . 

Oct, 15, 19®, cloudy _ 

Kov. 23, 7®, cloudy. . 



\'umbrr 

699 

213 

15 

5fj 

71 

0 


Percent 


67 

98 

92 

90 

100 


Prrcf nt 
34 
43 
18 
30 


A'</ Jnhf T 

51 
2(KJ 
217 
330 
.500 
1, 660 


I .Ml were made with J^erfection kerosene at the rate of 250 gallons an acre. 


The applications on September 28 in sunny weatlier were less 
eflective than those made 8 days earlier on a cloudy day, hut were no 
less elTective than ap])lications made on a cloudy day in mid-October. 
The results suj^^rest that sunshine does not affect the value of the 
sprav, at least at the lower temperatures, except as it increases the 
vaporization of the kerosene before it has penetrated into the roots 
of the dandelion plants. 

In contrast to the serious grass injury observed in plots sj)rayed 
November 28 at 7^^ C. (table h), no ])ermanent injury was noted in a 



Fu.i KB 3 -- The conlrul of dandelinnh with kerosene. ,1, A 99-percent control without graSvS injury in a lawn 
hprayed Oidober 17, 1930. H, iH*rsislence of control in plots, at right gi\en one spray 2 ycjars before photo- 
grapli \^ah taken 


series of 82 plots sprayed at the same temperatu];e on September 80, 
1984, and the degree of dandelion control was ilio same (99 to 100 
})ercent) in bbtli tests. All the observations on temperature may be 
summarized by saying that good results were obtained at tempera¬ 
tures up to 28® by spraying in the evening or on cloudy days. The 
usual result of higher temperature has been reduced effectiveness, and 
occasionally greater grass injury as well. Temperatures down to 
freezing liave not prevented good results when other factors were 
favorable. In a large area sprayed October 17, 1936, with a power 
sprayer, no grass injury was observed the following June oh exposed 
locations (fig. 8, A)^ biit injury amounting to complete kill was noted 
on steep north slopes of the same area and in tlio shade of evergreen 
trees. Dandelion control was better than 98 percent throughout the 
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plot. These results, in contiection with those given above, suggest 
that a certain amount of warm weather after spraying reduces the 
kerosene residue in the sod by evaporation, and prevents permanent 
.injury. A higher temperature, particularly at the time of spraying 
and in combination with bright sunshine, causes excessive evaporation 
and reduces the quantity of kerosene rea(‘hing the dandelion roots to 
less than the lethal dose. 

Season Factors 

The larger differences in temperature have been obtained, in most 
cases, by varying the season of appli(*ation. Kerosene applications 
have been made at frequent intervals between May 1 and December 1 
with good control in at least some of the plots. Snarly spring treat¬ 
ments (as soon as the dandelions are w'ell up) have given good control 
of old plants and satisfactory final results on plots with a good stand 
of grass. When the dandelions were thick and the grass thin, too 
much bare area was left on which dandelion seedlings became estab¬ 
lished during late spring. As tables 5 and i) show% treatments that 
injured the grass were followed by high seedling counts. 

Midsummer applications of kerosene are dillicult to make on a large 
scale because the work must be done in cloudy weatlier. Late fall 
applications have resulted in serious wdnter injury to the grass (tableh). 
Early frdl applications (September 15 to October 10 at Ames) have 
given the best results. Two factors appear to be involved - ^ the more 
generallv moderate temperatures, and the double growing season, 
both fall and spring, for tlie closing of the bared areas by stolon growth 
of the grass. Sprayed bluegrass makes no growth for 2 to 3 wrecks 
after the treatment. Fall applications should allow^ for 4 to h weeks 
of normal growth after this temporary set-back; that is, sprays should 
be made 6 wrecks or 2 months before the expected date of grass-killing 
freezes or deep snow. 

THE PHYSIOLOCnCAL ACTION OF KEROSENE • 

Dandelions sprayed wdth kerosene develop a dark-green color within 
a few seconds as the oil penetrates the intercellular spaces of the 
leaves. The dark color disappears within 24 to 30 hours, and for the 
next 6 to 20 days tlie plants appear normal to yellowdsh. The odor of 
kerosene usually can be detected on root fragments during this period; 
the phloem becomes translucent and the quantity of latex exuded 
from a cut root surface increases. The first conspicuous symptom 
of injury is a reddening or bronzing of the leaves which appears about 
1 week after spraying in warm weather and 2 to 3 weeks after spraying 
in cooler weather. ‘This change in color was accompanied, as shown 
by the data in table 7, by a fourteenfold increase of Slicrose in the 
leaves. Polysaccharides (levulins plus dextrin), reducing sugars, and 
soluble nitrogen showeil moderate increases in the leaves of the 
sprayed plants in the 2 weeks after treatment. Changes in the root 
consisted principally of a digestion of polysaccharide to reducing 
sugars with less change.in sucrose and total carbohydrates. The slow 
digestion of the reserves of the root and the rapid accumulation of 
carbohydi*ates, particularly sucrose, in the leaves may be considered 
as indications of interference with translocation. Tliis conclusion 
was supported by histological studies which showed necrosis of the 
phloem m the roots of the sprayed plants and the accumulation of 
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Table 7. —The chetmcal composition on Maij 20 and June 1 of the leaves and roots 
of nortsprayed dandelion and of dandelion sprayed with kerosene on May IS, 19'So 


Date of sanjpliriK an<i fraction 


May 20, loaf) 

KetlueiiiR sugars 
Sucrose. .. 
Polysacrluirides 
Soluble nitrogen 
Total nitrogen . 

June 1, 10.if) 

deducing sugars. 

Sucrose_ 

Pol> saccharides 
Soluble nitrogen 
'rotal nitrogen. 


Lea\ es 


1 


rontrol 

Spruved | 

Percevt 

Percent j 

0 40 

0 2S t 

2;i 

45 ! 

1 01 

1 00; 

(W 

03 1 

31 1 

1 

24 1 

04 ! 

10 i 

2 43 1 

1 10; 

1 r>H I 

.02 

03 ! 

IS 

10 ' 


Roots 


C'ontrol 

j Sprujed 

Percent 

Percent 

0 13 

0.17 

oy ! 

.35 

2 fiO i 

2 H7 

04 

04 

27 

.21 

33 

1 03 

1 09 

1 1.04 

3 3S i 

1 2 71 

04 i 

1 05 

If) 

1 17 



latex (tip:. 4) in the outer vessels. Injury was commonly observable 
to depths of 30 cm, and the death of the tops appeared to be due to 
the previous death of the roots. 

Bluegrass (both Poa praiensis and P. coinpressa), white clover (Tri- 
folium repens), common plantain {Plantago major), and buckhorn {P, 
lanceolata) have not been seriously injured by kerosene sprays applied 
under the conditions recommended. Foxtail {Setaria spp.) and crab- 

f p'ass {Digitaria spp.) have shown more injury than biuegrass, but 
lave survived in some treatments. Tlie action of kerosene is thus 
seen to be rather specific for dandelion. Possibly the leafy rosette 
and fleshy taproot of this plant are favorable to the absorption and 
retention of the oil. Even under favorable conditions, biuegrass may 
be killed by ajjpreciably heavier applications than the 200 gallons an 
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acre recommended, or under conditions unusually favorable to the 
persistence of tlie oil within the bluegrass plants, and a greater accu- 
miilation and longer retention of the kerosene in the dandelion root 
would appear to be the most probable explanation of the greater 
toxicity of the light applications on this plant. A second factor in 
dilferential killing is the ability of isolated bluegrass buds to produce 
roots and grow, even when much of the rhizome syst/un has been de- 
stroyed, whereas dandelion plants do not recover after the taproot is 
killed. 

THE CARE OF TREATED LAWNS 

The heavy seeding and ready distribution of the dandelion fruit 
insure the presence of the plant in any available area, flow-- 
ever, the seedlings do not compete with well-c‘stablished sod, par¬ 
ticularly in moderately dry weather. Figure 3, 7^, shows a ('anada 
bluegrass {Poa co7n2>ressa) ^sod which was still practically free of 
dandelions 2 years after it had received a single keroseiu* sjuay. 
This plot was fertilized twice during this interval and observations 
showed that the many dandelion seedlings which had start(‘d on the 
area each spring died during July and August befon* their root sys¬ 
tems had penetrated below the level of the grass roots. 

ITie sensitivity of dandelion seedlings to dry weather is shov\n by 
the behavior of the seedlings on the plots sprayed November 23, 1935, 
which were estimated to have an average of 1,()()() seedlings per 100 
square feet the following May (table 0). li(‘ss than 10 (iandelions 
per plot, or about 0.5 percetit, of these seedlings survived the drought 
of 1936. Older, deeper rooted plants are seldom injured by dry 
weather and more than 80 percent of the large j)lants on the check 
plots survive/1 the 1936 drought. 

Injudicious sprinkling during the summer months will aid in keeping 
dandelion seedlings alive and will hasten reinfestation. Ammonium 
sulphate fertilization (12) and ferrous sulpluite sprays, heavy but 
infrequent watering, and less mowing during dry weather with the 
mower set high at all times, will retard reinfestation. Some spotting 
work with a kerosene spray will be recpiired at intervals to remove 
plants which become establislied in breaks in the sod. 

Especial care is required to insure the rapid resodding of law ns in 
which large numbers of dandelions have been killed and much of t he 
ground left bare. Reseeding is rarely successful because dandelion 
and m'ass seedlings develop under similar conditions. Natural 
spread of the grass by stolons must, therefore, be depended upon. 
Frequently a year of treatment with ammonia fertilization and iron 
sulphate spraying should precede the kerosene to encourage the estab¬ 
lishment of gi*ass between the dandelion plants. Witt) a month of 
cool moist.weather, good sods may be reestablished, if there is grass 
among the dandelions, by applying ammonium sulphate at the rate of 
150 to 300 pounds per acre amf phosphorus and potassium as needed. 
Good sod has been established without resc'eding in a single season 
from scattered bluegrass plants which covered less than 1 percent of 
the area in the spring. * 

One factor in the handling of sprayed lawns that needs further in¬ 
vestigation is the matter of early spring mowing. The recent emphasis 
on the importance of i-eserves in grasses (P, 11) has led to the belief 
that spring cutting or pasturing of bluegrass should be delayed. 
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Gruber {10) has shown, liowever, that close cutting; of fertilized sod 
allowed to grow tall may seriously check the development of the grass, 
and Leukel and Coleman iH) have showm that Bahia grass allowed to 
grow naturally and to ])roduce sepd made a much poorer sod than grass 
cut at intervals. A successful lawn cultural practice should maintain 
a neat appearance, and moderately close niowing at some stage is 
necessary. It seems probable that spring mowings should be made 
early enough and freciuently enough to prevent seed formation or the 
shading out of the lower leaves of the grass. If the mow er is set to cut 
at a height of 1 % to 2 inches, frequent cutting will encourage the de¬ 
velopment of leaves near the ground and will permit full leaf coverage 
for photosynthesis while keeping the lawn neat and smooth. 

In contrast to this spring treatment, the lawn should be mowed 
infrequently or not at all during dry weather, and mowing should stop 
a month before the end of the growing season in the fall to encourage 
the accumulation of reserves for winter. , 

SUMMARY 

The food reserves of the common dandelion {Taraxacum officinale) 
are shown to consist largely of a mixture of levulin and dextrin, and 
to have reached a low level for the samples tested during early spring 
growih. 

Straight-run kerosene with a boiling-point range of 180° to 250° C. 
and an unsaturated hydrocarbon content of not over 4 percent has 
been shown to be a very effective differential spray for dandelions in 
bluegrass-wiiite clover lawns. The undiluted kerosene is sprayed 
uniformly over th<^ lawn during cool, cloudy weather, at the rate of 
200 gallons an acre. The best results have been obtained by spray¬ 
ing 2 months before the end of the bluegrass growing season, or 
September 15 to ‘M) at Ames, low^a. The kerosene appears to accumu¬ 
late and to be retained in the taproot of the dandelion and to affect 
the plant thi;ou"h the destruction of the phloem of the root. Other 
common lawui plants and weeds show' little or no injury from applica¬ 
tions of kerosene which are effective against dandelion. Scattered 
dandelion plants may be eradicated at any time by spraying the 
individual plants lightly with kerosene. 

Bluegrass as w'ell as dandelions will be killed (1) if more than about 
300 gallons of kerosene are used instead of the recommended 200; 

(2) if furnace or tractor distillates are uAed instead of kerosene; and 

(3) if the spray is applied too late in the fall to permit the grass to 
make a partial recovery before winter. 

The rapid reestablishment and maintenance of^a close sod with the 
avoidance of frequent, light waterings during dry periods are impor¬ 
tant in keeping (landelions from becoming established in lawns. The 
dandelion seedlings will not survive a dry period of moderate intensity 
when growing in heavy sod, but they may become established in open 
areas or if sjirinkled frequently. Older plants with roots below^ the 
level of the grass roots should be eradicated with kerosene. 
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INFLUENCE OF CERTAIN ENVIRONMENTAL CONDI¬ 
TIONS ON CONGESTION OF STARCH IN TOMATO PLANT 
STEMS > 

By Arthuk C. Foster, senior pathologist^ and Everett C. Tatman, assistant 
scientijic aidey Division of Fruit and Vegetable Crops and Diseases^ Bureau of 
Plant Industry^ United States Department of Agriculture 

INTRODUCTION 

The plieiionieija of pliotosyntliesis, the synthesis of the simpler 
carbohy<lrat(*s, the translocation of these materials to all parts of the 
plant, and their further transformation into starch to be stored have 
been subjects of speculation and experimentation for many years. 
Since starch is one of the most widely distributed plant products, in- 
vest%ators have been considerably^ interested in determining the rela¬ 
tion of various factors, such as mineral elements and environmental 
conditions, to the accumulation or congestion of starch in various 
parts of the plant. The relation of potash to the formation of starch 
in plants and its subsecpient hydrolysis when neede^d for further 
growth has received considerable attention, but specific tangible results 
appear to have been difficult to obtain. The part that potash plays in 
the formation and utilization of starch is uncertain, but it presumably 
acts as a catalyst and has radioactive properties (4).- An enormous 
amount of data has been j^iresented in the literature which demonstrates 
clearly that nitrogen deficiency plays a very definite j)art in the accu¬ 
mulation of starch or otlier carbohyilrates in the plant. High nitrogen 
content is generally accompanied by medium to low carbohydrate 
content, and very low nitrogen usually indicates high (‘arbohydrate 
accumulation. 

A number of investigators have demonstrated rather definitely that 
starch accumulation, or congestion, takes place in tomato plants 
under conditions of (leficient nutrient supply or under environmental 
conditions thaA are accompanied by retardation of growth. Hoivever, 
there appear to be verv few quantitative data in the literature showing 
the interaction of fertilizer deficiency or nitrogen deficiency and other 
unfavorable environmental conditions, such as soil moisture and tem¬ 
perature, in relation to the congestion of starch in the tomato plant. 

The present paper presents data showing the influence of fertilizers, 
soil moisture, temperature and humidity, and evaporating power of the 
air on the accumulation of starch in the stems of tomato plants 
{LycofHrsicon escuhnium Mill.). The data were secured incidentally 
in a study of the effect of environmental conditions on the growth 
responses of tomatoes as related to the appearance of certain non- 
j)arasitic diseases and other abnormal physiological disturbances. 

REVIEW OF LITERATURE 

There is an extensive literature that relates to the various factors 
influencing the accumulatioii of the simpler carbohydrates and the 
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total hydrolyzable polywsaecharides, but that relating to congestion oi‘ 
starch as such is not extensive. Hartwell {2) appears to have first 
recognized the effects of unfavorable conditions on the congestion of 
starch in potatoes and beets. At first he was of the opinion that starch 
congestion was due mainly to potash deficiency, but later he came to 
the conclusion that any condition unfavorable to plant growth would 
produce the phenomenon. Unfortunately, Hartwell did not secure 
quantitative data, but instead he made a microscopic estimation of 
the starch present. Kraus and Kraybill (/i), in their work on vege¬ 
tation and reproduction, presented extensive data to show that starch 
accumulates m tomato stems when the plants are grown wth a defi¬ 
cient nitrogen supply. Jansen and Bartholomew {3) found that the 
amount of potassium present in the plant was correlated with the 
total sugars, but they seemed to be doubtful as to its relation to starch 
accumulation or congestion. In addition to the above citations, a 
large amount of work has been recorded in the literature showing the 
effects of low temperature on the accumulation of polysaccharides, on 
the synthesis of nitrogen compounds, and on general metabolism in 
the plant. The work of Nightingale {(>) on the effects of temperature 
on metabolism and accumulation of carbohydrates in tomatoes dem¬ 
onstrated the responses of plants to different temperatures, but he, as 
well as others, apparently did not consider it necessary to maintain 
accurately controlled soli moisture. There seems to have be(»n a 
rather general lack of appreciation of the very marked differences in 
growth and physiological behavior that result from relatively small 
differences in water supply. 

METHODS AND MATERIALS 

Experimeiits were conducted at the Arlington Experiment Farm, 
Arlington, Va. The methods of procedure were rather unique. Th(» 
tomato plants were grown in a good quality of greenhouse soil made up 
of loam from the Arlington farm, composted with manure and muck, 
to which sand was later added. All soil before being used was passed 
through a ?4-inch-rnesh wjre screen to insure uniformity. This soil 
had a water-retaining capacity of 05 percent of its dry weight, and 
the water-retaining capacity remained uniform over a period of 5 
years of experimental work. 

The plants were grown at, 3 soil-moisture levels of approximately 
38, 47, and 50 percent of the dry weight of the soil. On a water- 
retaining-capacity basis, those were, respectively, 58, 72, and 80 per¬ 
cent. These series were set up by first determining the original 
amount of water in the soil and then adding sufficient water to bring 
the water content iip to the required percentage. The soil moisture 
was maintained at approximately the desired level by frequent addi¬ 
tions (four to six times daily) of measured amounts of water, the 
required amounts being determined by weighing the cultures on 
solution balances of 40-kg capacity. 

All plants were grown in 3-gallon glazed crocks holding 12 kg of 
soil. As the soil was placed in the crocks, fertilizer containing various 
proportions of nitrate of soda, superphosphate, and pcitassium sul¬ 
phate was*mixed with it at the rate of 2 tons per acre. Three fertilizer 
formulas were used, namely, 12-0~‘12, 12-6-12, and 6-12 -6, in the 
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order of nitrogen, pliospborus, and potassium, respectively; the checks 
received no fertilizer treatment. 

Five crocks of each fertilizer treatment were placed in each of the 
three soil-moisture series, and these were replicated in each of three 
different temperature units of the greenhouse. This ^ave for study 
5 replications at each of the 80 points of observation and a total of 
180 plants under almost perfe(dJy controlled environmental conditions. 

The seeds (M’arglobe variety), which were first sown in flats August 
15, 1934, were transplanted to 2)i>-inch pots on August 25 and to the 
3-gallon crocks on September 4, where they were allowed to become 
established. The plants were staked with heavy wire and later, with 
the appearance of the first flower cluster, the wire stakes were repla(‘ed 



Figure 1. UiKh-temiierutiire grt'cnhouse, unit 1, daily mean temperatuie of 74'’F Note tall 

s])in(ihng t?rowth habit of toiuuto plants, due mainly to high soil inoi.siure and high teiniieiatiiiei). 

with ()-foot bamboo stakes. The plants were pruned ft) a single stem, 
tied to the stakes, and eventually topped after the appearance of the 
sixth flower cluster. During the growth period, the moisture content 
of the soil was kept approximately constant by.,the method already 
mentioned. A careful record was kept of the amount of water con¬ 
sumed by each plant daily for the duration of the experiment. 

GROWTH HABIT AND RESPONSE OF TOMATO PLANTS TO ENVIRON¬ 
MENT 

The influence of temperature on the grow th response and habit of 
tomato plants is shown in figures 1,2, 3, and 4, which are from photo¬ 
graphs of the mature plants grown in the three different greenhouse 
temperature units. In the high-temperature unit (fig. 1) the plants 








8 



Fioure I 4 )w-temperature greenhouse, unit 3, with daily mean temperature of «5® F. Note short, 
stocky growth habit of tomato plants, with heavy stems amrmuch heavier leaves than those shown In 
figures 1 and 2. 
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were tall and slender with relatively small sterns and long inter- 
nodes; they were practically barren, succulent, and of the spindling 



Fjgvrk 4.'-Tomato plants showmii injluenoe of ditTerent lomi)ernlur(*s on firowth Culluies b»o\mi at 
(y!) 65®, (/f) 70®, and (C) 74® F. All Rrown at 86 i»ercent of soil-waicr-retainm>i cai'auMt> and with 12-0-12 
fer(^l^^er. • 


type (fig. 4, C), In the mediimi-teniperature unit (fig. 2) the plants 
were shorter, steins were heavier, and leaves were spaced closer 
together. The plants had better color and vigor than those in the 
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higher temperature unit, and they were quite fruitful (fig. 4, /?). 
In the lowest temperature unit (fig. 3) the plants were considerably 
'shorter, had dense green foliage (fig. 4, A), and the appearance of 
being very succulent, although they contained much larger per¬ 
centages of dry material than those of the other units. In figure 5 is 
illustrated the influence of soil moisture on plant grow’^th and habit 
when other conditions are uniform. These plants were grown in 
the 1932 series of experiments, at 76^^ F. mean tcunperature, and 



Fuu're f) -'I'oinato iilants hhowinp influen(« soil inoislure on growth. Cultures grt.wn ut (.1) (/^^ 

6tJ, 17, anti UO 39 perwnt of soil-wator-relaining capacity All groun at 7fi® F arc! w jLli 12 2 2 fei- 
tllizer. Plants from a senes grow^n in 1932. 


treated with a l2-2 2 fertilizer. Figure 4 shows tlie very marked 
influenQC of temperature on growth and habit of the “tomato plants, 
all other conditions being uniform, with soil moisture at 80 percent 
of water-retaining capacity, and 12-0-12 fertilizer. 

It was intended to operate the greenhouse units at 75^, 70^, and 
65° F., respectively, from the beginning of the experiment, September 
10, but liigh outside, temperatures made it impossible to keep the 
units at these temperatures until about the first week in October. 
Table f shows the weekly mean temperatures for the tliree units as 
calculated by planimeter readings from hygrothermograph charts. 
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For the duration of the experiment the mean temperatures were 
74.3°, 70.4°, and 05,7° in units 1, 2, and 3, respectively. From 
October 2 to December 17, during which period quite constant 
temperature differences could bq maintained, the means were 74.0°, 
09.1°, and 02.9°, respectively. 

The mean relative humiclities of units 1, 2, and 3 for the entire 
period were 55.3, 00.0, and 03.1 percent, respectively. This order 
of (liffenmce exisfed throughout the period regardless of the tempera¬ 
ture, probably as a result of differences in Ventilation incidental to 
attempts to regulate temperatures. 

The data of the atmometric indexes of the three greenhouse units 
are summarized and presented in table 2. 

Table 1.- Mean tern pe rat urea and average relative humidities of three greenhouse 
U7iits in which the cultures were grown^ 1934 


Weekly mean leii»i)erature j Fielative hiiimdity 


j 1 nit 1 

I'mt 2 

Unit 3 

Unit 1 

Unit 2 

Un.t 3 

! o 

o f 

0 y 

Percf nt 

Percent 

Percent 

Sept 10 . . .' 73 6 

Sept 17 . . . 1 75 1 

Sept. 24 .' 71 1 

74 5 

74 0 

61 5 

67 3 

69 9 

76 0 

75 2 

61 4 

68 7 

72 6 

71 2 

71 4 

11* 6 

62 S 

66 2 

Oct 1.1 73 5 

74 0 

73 4 

59 7 

63 6 

65 2 

Oct ft.i Oft 9 

66 9 

65 ft 

56 3 

00 0 

62 6 

Oct 16.’ 73 5 

69 6 

66 8 

49 8 

M 5 

55. 5 

Oct 22 . .1 75 1 

71 5 

f)6 0 

53 9 

58 0 

60 6 

Oct 29.-. 75 0 

69 4 1 

6.3 0 ! 

1 54 9 

57 5 

! 62.5 

Nov. 5 . . . .1 74 3 

69 7 i 

62 2 1 

i 54 1 

, 5ft 0 , 

, 60 3 

Nov 12 . . . . .1 75 3 i 

6ft ft: 

61 7 

52 6 

1 58 5 

60 . 

Non 19 . _ . . ; 76 3 

6H ft 1 

61 6 1 

! 52 4 

54 5 1 

55 ft 

Nov 26 . . .. . 75 K 

70 2 

63 4 1 

i 59 5 

1 62 7 

68 0 

Dec 3. ..I 76 0 

69 6 

62 9 1 

64 0 

69 8 

75 3 

Dec 10 . ... ... • 74 0 

67 4 

59 7 

50 8 

55 0 

59 5 

Dec. 17,--- -- ---1 "7 1 

6ft 1 

61) 1 

45 9 

48 7 

52 4 

Average. | 74 3 

70 4 

65 7 

55 3 

60 0 

i 63.1 

!„.. 


Table 2.— Efff^ts of certain cnvuonmenls on congestion of starch in tomato plant 
steins^ and the relation of plant and frial growth^ water requirement^ and chemical 
composition on a dnj-weight basis for the W34 crop 


Unit 1 Average daily mean temiierature, 74° F ; relative humidity, 56 
I>ercenl, corrected evaiKiratiou from atmometers, black 19 ft ml, white 
11 ft ml, difference 5 ml 


Soil moisture 
(Ijercent) 


38 3 .-, . 

47 ♦. 




Fertilizer 


foi miila 

Dry 

Weight 

Water 


weight 

of green 

require¬ 


of plants 

fruit 

ment * 


Grams 

Gram9 

Cc 

12-0-12 

32 9 

585 

579 

12-6-12 

30 2 

670 

559 

6' 12-6 

44.1 

910 

572 

Check 

46.0 

790 

668 

12-0-12 

63.0 

l,lft0 

629 

12'41 12 

64 3 

7.35 

620 

6*12-0 

92.5 

1,745 

678 

(^heck 

84.0 

1.400 

721 

12-0'12 

lift. 3 

1.585 

694 

12-6-12 

92.9 

2,145 

6«5 

6-12-6 

99 2 

2.120 

721 

Check 

! 94 9 

1,385 

786 


Dry 

Poly- 


-- 

Total 

nitrogen 

. , 

mate¬ 
rial ^ 

saccha¬ 

rides 

Starch 

Percent 

, Percent 

Percent 

Percent 

12 09 

16 06 

1.54 

1 22 

12 74 

15 70 

1 68 

1 27 

11 9ft 

16 70 

1 59 

1 25 

11 36 i 

14 M 

1.27 

.99 

11. II i 

14 36 

62 

1 25 

9 22 i 

14 53 

1 21 

1 74 

12 47 1 

14 6ft 

1 .58 

.60 

14 63 1 

21 ftft 

9 40 

44 

10 37 

14 3ft 

1 46 

1.18 

10 49 

15 Oft 

1 33 

.97 

8 56 

IS. 80 

1,90 

49 

1^. f»6 

17 62 

3 87 

.23 


See footnotes at end of table. 
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Tablk 2. —Effects of certain environments on congestion of starch in tomato plant 
stems, and the relation of plant and fruit growth, water requirement, and chemical 
composition on a driy~weight basis for the 1984 crop —Continued 


Soil moisture 

Fertilizer 

TTriit 2 — 
I»ercent 
j't.u ml 

Average daily mean temperature, 70® F.; relati\'e humidity. 60 
; ewrected ev&iKiration from atniometers, black 16 5 ml, w'hito 

, uiuuitjuijt} i o ml 

(l>er<'ent) 

formula 

Dry 
weight 
of plants 

Weight 
of green 
fruit 

Water 
reiiuire- 
inent > 

Dry 
mate- 
rial i 

Toly- 

saccha- 

ride.s 

Starch 

Total 

nitrogen 



» 

Gramn 

Grams 

Cc 

Percent 

Percent 

Percent 

Percent 


f 12 0-12 

34 ft 

700 

450 

13 58 

15.99 

2.90 

1 24 

38’.. 


24 i> 

480 

398 

12. 24 

16. 18 

1 94 

1.38 

1 ft-12-6 

32 ft 

840 

491 

12.33 

15.98 

2 42 

1 27 


1 (vheck 

ftU i 

910 

632 

1ft 09 

2;i 68 

11 56 

6.1 


f 12-0-12 

68 2 

1,215 

493 

10 13 

14.98 

1 67 

1 39 

47 ♦ - .. 

I 12-ft-12 

72 0 

1,320 

472 

It) 35 

14 50 

1 92 ! 

1 38 

1 6-12-fi 

HI ft 

1.555 

5:15 

ll.ftft 

14, 60 

1 65 1 

.91 


1 Chwk 

«7 3 

1.175 

«48 

15.51 

2.3 98 

12 70 

.22 


f 12-0-12 

98 9 

l,.555 i 

558 

8 64 

14 70 

.58 

1 41 

.56S . .I 

1 12-0-12 

87 1 

1,515 

547 

9 01 

14.76 1 

2 19 

1 28 

) 0-12-6 

92. 8 

1,840 

618 

10 86 

14 66 i 

1 82 

70 

1 

1 C^heck 

96 7 

• 1,255 

721 

13 00 

18 91 

6 14 

.09 

1 

Soil inoi.sturo 

Fertilizer 

ITiut 3 -Average daily mean teiiifierature, 65® F , relative humidity, 63 
jiercent, corrected evaporation from atniometers, black 15 l ml, w'hite 
12.7 ml, dilTerence 2,4 ml 

(percent) 

formula 

iiry 

' weight 
i of [ilaiits 

Weight 
of green 
fruit 

1 Water 
! require- 
j ment ' 

Dry 
male- 
rial ^ 

1 Foly- i 
1 haccha- ! 
i rides 1 

Starch 

Tot hi 
nitrogen 



Grams 

Grams 

1 C’c 

Pi rccnt 

J*erctnt ^ 

Percent 

Percent 


( 12 0-12 

35 0 

225 

[ 317 

12 41 

1 20 62 1 

8 49 

1 35 

38 J . 

I 12-6-12 

1 54 3 

150 

302 

12 26 

19 18 1 

5 61 

1 42 

1 ft- 12-0 

68 1 

650 

i 446 

12 45 

1 19 50 ' 

5 55 

91 


I Check 

! 84 8 

910 

> 535 

20 :46 1 

I 33 65 1 

22 90 

21 


12-0-12 

1 78 2* 

850 

i 409 

10 ftft 1 

14 35 

3 11 

1 34 

47 * . 

1 12-0-12 

i 84 5 

845 

1 336 

9 78 ! 

1 1 92 ! 

2 39 

i 1 54 

1 ft-12-fi 

113 5 

655 

! 462 

10 02 1 

14 98 1 

3 64 1 

1 23 


1 Check 

! 97 4 

1,085 

i 551 

17 95 i 

35 17 1 

24 10 

! ;ifi 


f 12-0-12 

t 116.3 

1,110 

445 

8 »i9 

11 86 I 

1 09 

[ 1 70 

5ft » . , 

I 12-6-12 

73 1 

325 

1 438 

7 53 ! 

13 28 i 

2 32 

2 22 

\ 0-12 ft 

121.0 

1,455 

J 48() 

10 97 1 

1 18 61 1 

ft 32 ! 

! 4ft 


1 Check 

106 8 

1 1.345 1 

5VK) 

17 3.0 1 

1 31 10 1 

19 52 ' 

31 


* Per gram dry weight of tops * 72 iHjrcent of water-retaining eapacif j. 

2 Perc*entage of fresh weight * 8« percent of water-retaining capacity, 

3 58 percent of water-retaining capacity. 


It is important to note that in growth and general vigor the ])huits 
used in all of these experirrlents were similar in size and character to 
what migh^be expected under field conditions. The plant growtli 
approached normal, and it is for this reason that the results to be pre¬ 
sented are unique and distinct from those of similar lines of work 
reported by other investigators, wlio have used sand or solution cul¬ 
tures that Vesulted in stunted and abnormal growtli. 

CHEMICAL METHODS 

The samples for chemical analyses of the stems were collected on 
December 12, 1934, from mature plants of the types illustrated in 
figures 1,2, and 3. The leaves were previously removed and pre¬ 
served in 75-percent alcohol, and lOO-g samples of the top parts of the 
stems were sliced into 75-percent alcohol. To insure uniformity of 
samples, all collections were ma^e early in the morning on cloudy or 
rainy days. In the collection, preparation, and preservation of sam¬ 
ples in alcoliol, essentially the same methods were followed as were 
used bj Boswell (7). In the further preparation of the samples for 
analysis, BoswelPs methods were also followed, except that the dry 
material was ground in a Wiley type laboratory mill, F. R. I. model, 
to pass through a 100-mesh wire screen. In making the starch deter- 












June 15, nm 


Covgestwn of Starch w Tomato Plant Steym^ '877 

minations, the method developed by Walton and Coe (7) was used. 
It proved to be very satisfactory for this type of material, an<l dupli¬ 
cate or triplicate determinations consistently were in good agreement. 

INFLUENCE OF ENVIRONMENT ON WATER REQUIREMENT OP 

THE TOMATO 

To present a* better conception of the growth responses of the 
tomato plants grown under different environmental conditions, a large 
amount of data was collected on the relative transpiration rates of the 
different cultures. The term ‘^watcr requirement’^ of plants has been 
used by many investigators to express tlie ratio between water ab¬ 
sorbed and dry matter produced. It is usually obtained by dividing 
the total units of water absorbed by the plant by the total units of 
<lry matter produced. The data presented in table 2 on water rec^uire- 
ment do not represent “water requiremiyit” as generally defined, but 
indicate rather the relative transpiration rate of the plants in the 
several environments. This transpiration rate is determined by divid¬ 
ing the total units of water absorbed or transpired by the dry weight 
of the aerial vegetative part of the plants rather than by the total dry 
weight of all plant parts. It is well known that many factors may 
influence the water requirement of plants, which varies widely with 
<lifferent species. 

As is sliown by tlie data presented in table 2, variation in environ¬ 
mental conditions such as fertilizers, soil moisture, humidity, and air 
temperature may cause a wide variation in the eflieient use of water 
by the plant. Low soil moisture and low air temperature have great 
Itdluence in reducing the water consumption in proportion to the dry 
material produced ; furthermore, increasing amounts of nitrogen pro¬ 
mote greater efficiency in water utilization. In these studies plants 
without any added fertilizer were the most extravagant users of water. 

EFFECTS OF FERTILIZERS ON ACCUMULATION OF STARCH IN 

TOMATO STEMS 

The excessive ac<‘U!nulation of starch in the stems the check 
plants may appear unusual and perhaps difficult to accept as truly 
representative, but study of the data in table 2 shows a consistent 
trend in the results and supports these observations. The check 
plants received no fertilizer, but the soil used was fairly fertile because 
a small aniount of well-rotted manure had been added. However, 
a decided change in color and retarde<l giowth indicated that these 
plants had used nearly all of the readily-available nitrogen when they 
were about half-grown. ITnder certain environmental conditions the 
accuinulatioii of starch was most marked in the check plants; however, 
these plants, when grown with low soil moisture at high temperature, 
had less starch than the fertilized plants. We might accept the ex- 

f )lanation that under these conditions the storage carbohydrates were 
argely consumed in respiration and that poor nutrition retarded their 
reinacement. At the lowest temperature, ,there was marked con¬ 
gestion of starch in the stems even with the low soil moisture. 

It is evident from these* and f^tlier studies that under these experi¬ 
mental conditions starch congestion is more definitely related to low 
nitrogen supply than to differences in potash supply. No evidence 
of potash deficiency has been observed in any of the cultures grown 
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with this greenhouse soil over a period of 5 years, but numerous 
instances have been observed of definite exhaustion of available nitro¬ 
gen. It is also apparent that other environmental factors exert con¬ 
siderable influence, and these will be discussed later. The influence 
of very marked plant-food deficiency on starch congestion has been 
discussed in detail by many investigators; however, little considera¬ 
tion has been given to the effects of approximate soil-moisture dif¬ 
ferences on plants of norm^d size and appearance grown in good, fertile 
soil. 

EFFECT OF TEMPERATURE ON ACCUMULATION OF STARCH IN 

STEMS 

The effect of temperature on the congestion of starch in stems of 
nitrogen-starved plants is very marked, as is shown in figure 6. 



1 lOUUE 6.—Intluent^ of ternixjrature on acouniulation (*f starch in loinato slonis in \ anous faitilize»I and in 
unfertilized cultures n at three difTeient levels of soil moisture. 

In the 88-percent soil-moisture, no-fertilizer cultures grown in the 
high-temperature unit (74^ F.) there was 1.27 percent of starch, an 
amount even lower than in any of the fertilized treatments in the same 
moisture ariA temperature series; but at 70® the starch content was 
11.56 percent. At a still lower temperature (65^), the standi content 
was 22.9 percent, or approximately 18 times as much as at the high 
temperature, owing chiefly to a reduction of 9® in daily mean tem¬ 
perature. A difference in temperature of 9® also shows a rather sig¬ 
nificant but less marked influence on the congestion of starch in the 
fertilized plants in this low soil-moisture series, as further examination 
of the data in table 2 and figure 6 reveals. 

It is interesting that 47 percent of soil moisture appeared to be 
optimum fw starch accumulation at each temperature level in the 
unfertilized or check plants. However, the fertilized plants in this 
soil-moisture series showed relatively little fluctuation in starch con¬ 
tent due to temperature difference. As in the case of the 47-percent 
soil-moisture senes, the significant influence of relatively low tempera¬ 
ture was markedly appai^ent in the 38- and 56-percent series (fig. 6). 
The temperature influence was much greater in the nitrogen-starvecl 
or check plants than in the fertilized series. In the 47-percent soil- 
moisture check cultures the percentage of starch was 9.4 at the high 
temperature, 12.7 at the medium temperature, and much higher still, 
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24.1, at the low temperature, or nearly three times the amount found 
in plants grown at the high temperature. 

EFFECT OF SOIL MOISTURE ON ACCUMULATION OF STARCH IN 

stems 

111 figure 7 is shown the influence of soil-moisture supply on the con¬ 
gestion of starch jn tomato stems. Differences in soil-moisture supply 
appear to have a very definite and significant influence on the conges¬ 
tion of star(‘h in the stems, with 47 percent shown to be optimum for 
the check plants at each experimental temperature in these tests. No 
plausible explanation can be offered for this unless we consider that 
47 percent of soil moisture (72 percent of the water-retaining capacity) 
was optimum for plant growth, and because of this condition the check 
plants exhausted their available nitrogen supply and accumulated 
more starch than the others. The wdde variation in the amount of 
starch with respect to soil moisture in tln^ fertilized series at the low^ 
temperature is probably due to the effect of this temperature on the 



Fjcjvrk 7 —Influence of soil moisture on accumulation of starch in tomato stems in various fertilized and 
in unfortilirod cultures grown at three-uniform tenii>eralures 

growth activities of the plants, especially protein fonnatii^i, cell divi¬ 
sion, and metabolic activity (6*). However, since the plant response 
as characterized bj^ starch congestion is so varied, a better knowdedge 
of the interrelation and interaction of the numerous factors is neces¬ 
sary before an explanation can be attempted. Additional data 
obtained in these studies and not yet analyzed should aid in a further 
understanding of them. 

DISCUSSION 

The data presented in this paper confirm further the results obtained 
by Hartwell {2), Kraus and Kraybill (<5), Nightingale (^), and many 
other investigators along similar lines, many of whom, however, have 
used diflTerent crops or methods. The experimental methods follow^ed 
are similar to those followed by Nightingale (6*) in growing tomato 
plants, wdth tw^o major exceptions: (1) He .used sand cultures and 
nutrient solutions, and (2) he made no attempt to determine the rela¬ 
tion of soil-moisture supply to starch congestion or acchmulation. 
The extreme variation in temperature conditions in the present experi¬ 
mental work was only 9® F., while in Nightingale^s it was 41® (from 
55® to 90®). The general growth habit, vigor, and plant response of 
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the writers' plants approached what might be called normal for field 
conditions (figs, 1, 2, 3, 4, and 5), while Nightingale’s were stunted in 
comparison. 

The response of the plants to the fgur fertilizer, three soil-moisture, 
and three temperature conditions, and the accumulation of starch 
resulting from the interaction of the various conibinations of these 
factors, are highly significant, as shown by analysis o/ variance. Dif¬ 
ferences in starch congestion or accumulation at any one temperature 
were apparently influenced almost entirely by total nutrient deficiency 
and were apparently unrelated to marked differences in potash sup¬ 
ply. In the low-temperature unit, when nitrogen irietaDolism and 
synthesis of proteins were retarded because of unfavorable tempera¬ 
ture, there was a high accumulation of starch in the plants even 
though they received large amounts of nitrates. A different explana¬ 
tion is suggested for the results on high-nitrogen versus unfertilized 
check plants in the low-moisture series, when grown in the high-tem¬ 
perature unit. In this case the low soil moisture apparently retarded 
plant growth, which tended to conserve the available nutrient supply 
for use by the plant over a longer period; and since nutrient deficiency 
did not occur, accumulation of starch was about tlie same as in tbe 
fertilized plants. The condition of nutrient deficiency, due either to 
the exhaustion of the available supply or to failure on the part of the 
plant to assimilate because of low temperatures, shows a highh' 
significant relation to the congestion or accumulation of starch. 

The relation of low temperatures to starch congestion was clearly 
demonstrated by Nightingale (6). However, under his experimental 
conditions he could not observe the highly signifi(‘ant relation of soil- 
moisture supply to starch congestion, 'I'he fact that in the present 
experiments 47 percent of soil moisture gave the greatest starch 
accumulation or congestion for the unfertilized plants in each of the 
three different temperature units is illustrated in figure 7. This con¬ 
dition is thought to be due to the moisture percentage (72 percent of 
the water-retaining capacity) being the best of the three for plant 
growth; this resulted in early exhaustion of the available nitrogen, 
with consequent larger accumulation of starch than occurred under 
other moisCure conditions. Fvirthcr discussion of the interrelation 
and interaction of the various factors concerned in metabolism and 
synthesis and of the relation of these processes to starch congestion 
would best be deferred until there is a better understanding of these 
problems. This must await further analysis of data and perhaps fur¬ 
ther experimentation, 

SUMMARY 

« 

An intensive study has been made of starch congestion or accumula¬ 
tion in stems of tomato plants, their growth response to various 
environmental influences, and the interrelation and interaction of 
these factors as influenced by (1) four soil-fertilizer treatments, (2) 
three soil-moisture conditions, and (3) three air-temperature condi¬ 
tions. 

Starch congestion appears to be more definitely associated with 
nitrogen deficiency than with wide variation in potash supply, since 
numerous cultures high in starch have shown tjmical symptoms of 
nitrogen deficiency but no symptoms of potash deficiency. 
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In the unfertilized plants of the 3H-percent soil-moisture series, with 
a decided lowering in temperature (from 74° to 05° F.) the congestion 
of starch increased from 1.27 to 22.9 percent. 

In the unfertilized plants of the 47-percent soil-moisture series, a 
similar drop in temperature caused an increase from 9.4 to 24.1 per¬ 
cent in starch. 

In the unfertilized plants of the 50-percent soil-moisture se^ries, a 
corresponding drop in temperature caused an increase from 3.87 to 
19.52 percent of starch. 

The same lowering of temperature (9° F.) also caused an increase 
of starch in the fertilized plants. When the plants were grown with 
38 percent soil moisture starch increased from 1.54 to 8.49 percent for 
the 12-0-12 fertilizer, from l.OS to 5.01 percent for the 12~{)~V2 ler- 
tilizer, and from 1.59 to 5.55 percent for the 0-12-0 fertilizer. 

With 47 percent of soil moisture very little congestion of starch 
occurred in the fertilized plants as a result of dilference in tempera¬ 
ture. 

With 50 ])ercent of soil moisture, a 9° F. lower temperature (05° vs. 
74°) caused a decided increase in starch (from 1.9 to 0.32 percent) 
with 0 12-0 fertilizer, but less increase with 12-0-12 and 12-0-12 
fertilizer. 

Variations in soil moisture also aj)peared to have a definite influence 
on the accumulation of starch. With temperature constant for un¬ 
fertilized plants, and increase in soil moisture from 38 to 47 percent, 
there was an increase in starch from 1.27 to 9.4 percent; but with 
further increase in soil moisture to 50 ])ercent the starch content 
dropped to 3.87 j)erc('nt. Forty-seven percent of soil moisture was 
the best of the three moisture levels for starch congestion in the check 
plants under all three temperature conditions. Where fertilizers were 
used, there did not seem to be a definite soil-moisture optimum for 
starch accumulation. There was some tendency for this accumulation 
to be greatest at the 47-percent moisture level. 
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STUDIES OF SELECTED STRAINS OF CURLY TOP VIRUS 


By N. J. OlDDINGS 2 

Senior pathologist, Division of Sugar Plant Investigations^ Bureau of Plant Industry^ 
United States Department of Agriculture 

INTRODUCTION 

It has boon known for some time-' tluit fho virus causing curly top 
sliows wide variation in virulence as evidenced by symptoms pro¬ 
duced on European brands of sugar beet (Beta vulgarii< L.)* Similar 
differences in severity of symptoms were also encountered in connec¬ 
tion with greenliouse inoculations of susceptible sugar-beet varieties 
obtained from breeding work of this Division. These variations in 
severity of symptoms were usually attribute<l to lack of uniformity in 
resistance or susceptibility in the host^jdant or to attenuation of the 
virus. It was sometimes difficult to a(‘(‘ount for the variation on 
either of these assumptions, and results were slightly confusing. 
There has also been some (lisagreement among investigators with 
n^spect to the curly top susceptibility of certain varieties of sugar 
beet, bean, and other plants. 

Studies made from 1032 to 1034 on the relative resistance to curly 
to]) of sugar-beet strains arising in the breeding work of this Division 
indicated that there is considerable variation in the reaction within a 
resistant strain or “variety.^^ This variation was attributed to lack 
of genetic uniformity, since it w’as knowm that the breeding material 
tested had been d(»velo})ed largely by mass selection with little in- 
bre(‘ding. When geneticists of the t)ivision obtained a sugar-beet 
line, designated as 1167, which was mucli more uniform as to curly 
toj) resistance, there was better op|)ortunity for investigating the 
influence of the virus itself as related to variations in curly top reac¬ 
tion. 

EXPERIMENTS WITH SUGAR BEETS 

The new, highly resistant strain 1167 has been used as the resistant 
material in tlicse studies. Some of the susceptible ])limts usetl were 
grown from a selected strain known as 2769 -24 ‘ ana others wiu’c 
grown from a well-known European brand. There was little difl'er- 
en(*e in the curly top reaction of the two susceptible strains and they 
are (*onsidered together. 

Sugar-beet plants were inocidated in the cotyledon or young two- 
leaf stage, by placing one viruliferous beet leafhopper, lutteftix teneUvs 
(I^ak.), on each ])lant. The leafhoppers were allowed to remain on 
the plantii for 1 week. 

‘ KiHvivod for publication August 30, 1937, isstiod June 193K. 

* Acknowledgment is made t(» F. A Abofig and F. V. 0\^en, of the Division of Sugar Plant In\ cst igai ions, 
for constructive criticism and heliiful siiggcslions, particularly in regard to statistical e\aluatioii of experi¬ 
mental results. 

3 (''aiwneh, E. attenuation OK THE VIHV8 OP sin. AK KEET CVKLX-TOP. Phytopathology 15 745-757, 

illus. 1925. 

- and Stahl, C. F. studies on curly-top disease of thf, suoar beet. .Tour, Agr Kesearch 28 

297-329. illus. 1924. 

< 27fi9-24 designates a variety arising out of sugar-beet brecditig work couducpHl bj W W' Tracy. Jr , 
of the Bureau of Plant Industry Seed of this variety came as a result of direct increase of the original seed lot. 
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Plants were graded for severity of curly top symptoms according 
to a scale that ranged from 0 for no symptoms to 5 for the severest 
symptoms, as follows: Grade 1, either slight vein clearing or occasional 
papillate growths on the under side of the folia^je, or both; grade 2, 
either slight curling of leaves with pronounced vein clearing or numer¬ 
ous papillae, or both; grade 3, pronounced curling and some dwarfing; 
grade 4, pronounced curling and increased dwarfing; grade 5, extreme 
curling and dwarfing. Illustrations of the type S3nn])toms of these 
various grades of injury are given in plate 1 and figure 1. 



Fifa KE 1 -1, Sufiar-beet plant showirip curly tup syniplonis that huuM ho jjrado*! '2 m sov only. Thor”' is 

usually pronoun<’ed vein clearing in the younger leave!!., and nuinerou.s i)apillae, or wartlike growths, from 
the ^eirl‘<on theuiider.si(leof the leaf The leaves frequently show a tendeiH‘> torull orcurl. R Diseased 
sugar-beet plant shotting pronounced leaf distortion and soine dwarfing This is classed as grade (', 
Two sugar-beet plants much dwarfeil and distorted by curly tup 'J’hcse symptoms are grade 4 J), 

Two sugar-beet plants showqxigiONtremo <lwarftng and distortion. Such plants are likely to die in a short 
time, and the disease symptoms are rec(>rde<l as grade 5. 


Inoculation of resistant plants with virus from ordinary stock 
sources gave a wide variation in the percentage of plants infected, 
although the percentage was alw-ays significantly lower than for sus¬ 
ceptible plants imder similar conditions. The symptoms shown by 
resistant plants also differed widely, but, relatively, graded much 
lower than those on susceptible plants. 

Some plants showing very mild symptoms and others with relatively 
severe symptoms were selected from the diseased resistant beets as 
virus sources for further inoculations, and similar selections were 
made from the diseased susceptible plants. 


Studies of Selected Strains of Curly Top Virus 


PLATE 1 



A, Normal, healthy sugar-beet leaf, Diseased sngar-fieel leiues /i. Leaf of iiomial ,‘-hape but 

dum mg vein cloaring, most prouoimoecl on right side of niid\eu! (\ Slightly distorted leaf wdh \om 
clearing Such vein clearing is mute characteristic of early symptoms m nearly all cases of curly toji 
di8(»a.se In the vt'ry mild type of ihsease, ifiere may be no other sy mptoms e\c 4 |)t possibly some 
small papillate outgrowths from the veins on the under side of the leaf I’lauts showing symptoms to 
this extent, or le^is, are classeiJ as grade 1 J) and K Diseased sugar-beet leaxes sliowing large .ind 
much elongated papillate growtlis on under side of leaf, /> might be graded 1 but ii would grade 2, 
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Successive inoculations of the resistant and the susceptible test 
})lants with virus fi'om 94 such selected virus sources soon established 
the fact that the virus isolants could be classed in three major groups, 
as evidenced by (Jistinctive reactions on the host plants. One or 
more plants from each group were selected as virus sources for further 
inoculations. For convenience in discussion, the virus isolants thus 
obtained ^^ill be referred to as virus strains, with the understanding 
that they may be further resolvable by^ appropriate technicpie. 

Susceptible beets were readily infected by all three of the above 
virus strains, one inducing severe symptoms and the other two induc¬ 
ing mild symptoms. Resistant beets were quite easily infected by 
the strain that induced severe symptoms in the suscejjtible beets and 
by one of the two strains that induced mild symptoms in the sus- 
ccfitible beets, but they wTre quite resistant to infection by the other 
strain. Selections aiul inoculations have now" been continued over a 
period of 2 years, and it has been found possible to differentiate clearly 
the symptoms induced by a fourth isolarit. 

In the earlier experiments, only three virus strains were included 
in each test and there was no replication as to virus source. In later 
work, the test of a virus strain was replicated by use of two or more 
diff(»rent plants from a {jrevious set of inoculations as independent 
virus sources. Each such replication is listed separately. Seven 
tests included all four virus strains at one inoculation, one test included 
only two, an<l the others included three virus strains variously chosen. 

It seems that more reliable information is obtainable by considera¬ 
tion of all data for a strain as a whole, rather than by consideration of 
the separate comparative tests. The data as given in table 1 group 
plants inoculated at one time with a given strain. The uniformity 
of behavior is (juite evident from the columns showing plants infected 
and grade of severity of symptoms. Considering the possibilities of 
variation in the plants, the environment, the virus, and the v(‘Ctor, 
the number of plants or experiments showing significant divergence 
from the general average is comparatively slight. 

In the resistant beets, virus strain 1 shows 74 plants graded 3 and 
none graded 4 or 5; strain 2 shows only 5 plants graded 3 and none 
graded 4 or o; and strains 3 and 4 show" ])ractically none abqve grade 1. 
In the susceptible beefs, virus strains 1 and 3 show’ practically no 
plants in grades 1 or 2; strain 3 has relatively few^ in grade 3; and 
strains 2 and 4 have very few plants in grade 4 and none in grade 5. 

The used to determine statistically the ivlative signifi¬ 

cance of the differences between any one of these virus strains and 
each of the others. The computed x" values are given in table 2. 

The data from resistant beets, including ell inoculated plants 
(grades 0 to 5, inclusive), show- very highly significant differences 
among the virus strains. When severity of symptoms on infected 
plants onlv (grades 1 to 5, inclusive) is considered, the resistant beets 
show' no significant difference betw^een strains 3 and 4, but the differ¬ 
ences between these two strains are brought out as highly significant 
by the susceptible beets in both the infected group and the group 
showing plants not infected. On the other hand, there are no signifi¬ 
cant differences between strains 2 and 4 in either group of^susce])tible 
plants, but highly significant differences between them do appear in 
the resistant groups. 
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Table 2 .—as a mmns of estimating the. significance of differences in curly lop 
grade frequencies in sugar beets following inoculation of the test strain with various 
virus strains 

RESISTANT BEETS 


X* values from comparisons of viius strains— 


Range of curly top grades 
compared 

1 and 2 

] and 3 

1 ami 4 

2 and 3 

1 1 

8? g- 

O fiS 

2 and 4 

1 1 

M £■ 

X} O' 

O K 

3 and 4 

s i ^ 
t I 3 

t ! 5- 
! C 1 S 

! Observed 

! 

3 

C" 

a> 

X 

Observed 

Required', 

i 1 

1 i 

1 Observed | 

[ Required! 

1 to 5, inclusive. , _ 

0 to 5, inclusive ?. 

28i» ‘1 
2ti2 7 

y 2 

IJ 3 

IHI 7 

m y 

6 « 

(5 H 

250 <5 
t.54 6 

0 0 1 13 K 0 (, 
y 2 |421 0 0 0 

21 0 1 0 0 1 0 0' 0 0 

107 7 1 0 2 , 40 1 ' 0 0 


S\TS('KPTIBLE BEETS 


I to 5. inclusive. 

. |784 W ! 0 0 

33 7 1 0 « *0.84 1 

1 

« 0 i 

548 H j 

i 

0 0 ; h s 

0 to 5, inclusive 2 

. |787 .5 1 y. 2 

34 4 1 13.3 [(K40 3 1 

y 2 

.548 1 

y 2 1 ID 7 

j 

... - - 

-''-- 

1 ! 1 

— ' 

' — 

1 


I For 01 

» By includiuc KnnJe 0, the iieiccntaKC of plants infcclcd becomes a factoi. 


Tiible 3 presents a, siiinniarv <>f the dfita from table 1. Jn this 
table the percentage of plants infected (ability of the virus to infect) 
is considered under the heading ^^Total plants,” and the most valuable 
differential data for that gi'oup are in the percentage column of the 
resistant ])lants. The x^'test shows no significant difference Ix^twcen 
virus strains 1 and 2 in ability to infect resistant hefds, but an ex¬ 
tremely high significance between either 1 or 2 and 3 or 4. Tlie dif¬ 
ference between strains 3 and 4 is also highly significant. Th(» virus 
strains show no significant differences in ability to infect the 
susceptible plants. 


Table 3.— Summary of percentages of infection and of curly top frequency giades, 
and average grade of disease severity m susceptible and in resi.stnnt sugar--heet 
plants when infected by different virus strains 


Total plants 


1 Infected plttiits sboviin>f >iradc of .severity 
j of .symptoms ' 


; A\*‘niKe Krade 
, ol severity for 
j diseased 
plants 


V iriis 

q'e.sts 



















strain 

No, 

Kcsi.starit 

Susi*eptiblc 


Resistant 



Susceptible 


1 

1 ; 



__ , 


— 

— 


— 

— 

— 

— . 

— 


_ 

-^ 

—- 


___ 

i He- : 

: Su.s- 



In¬ 

ocu¬ 

lated 

In¬ 

fected 

In- 

ocu- 

Jated 

i 

In¬ 

fected 

J 

1 

2 

3 

4 

6 

1 

2 

3 

4 

5 ' 

[ sisi- : 
! am 1 

, cep- 
tible 


ATo, 

*No 

.Vo. 

Pet. 

No. 

No 

Pet. 

Pet i 

Pet 

Pet. 

Pet 

Pct.l 

Pet. 

Pet. 

Pet 

Pet 

Pet 

1 


1 ... 

61 

1,007 

083 

04 

893 

708 

7U 

18 

71 

11 

0 

0 

0 ! 

2 

10 

39 

43 ; 

1 9 i 

4 3 

2... - 

2» 

692 

300 j 

61 

627 

423 

80 

72 

20 

1 

0 

0 

7 

75 j 

17 

1 

0 I 

1 3 1 

2.1 

3. 

33 

773 

07 i 

9 

606 

409 

81 

94 

3 

1 3 

0 

0 

i 

1 j 

8 

31 

00 

1, 1 

4.6 

4. 

21 

1 454 

103 

23 

306 

!_ 

275 

76 

94 

0 

! 0 

0 

0 

2 

70 

21 

1 ^ 

0 

1 1 

2 2 


1 Percentages are based in each ease on the total nniiiber of diseased plants among tbose that had been 
inoculated with the siieoified virus J<irain. 


In any comparative study of differential reaction to the curly top 
virus, severity of symptoms is an entirely different criterion from per¬ 
centage of infection, and in table 3 the diseased plants are considered 
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as a distinct grouf) under the lioading '‘Infected plants/' The per¬ 
centages given here are based on the total luiinber of diseased plants 
among those inoculated with the specified virus strains. Considering 
the resistant beets, virus strain 1 was the only strain inducing grade’3 
symptoms in an appreciable percentage of plants, and its ability to 
infect was the highest of any; strain 8 showe<l very low ability to 
irdect (9 percent as compared with 64 percent for strain 1), and 94 
per(*ent of all inlec'ted plants graded 1 in severity. Virus strain 1 also 
induced s(‘V(»re symptoms on susceptible b^ets, but strain 8 gave a 
significantly higher percentage in the grade 5 class and a higher 
average severity of symptoms. From all data on resistant beets, virus 
strain 1 would be classed as far more virulent than strain 8; while 
the data on susceptible beets would indicate strain 8 as the more 
virulent. 

All foui‘ virus strains produced high percentages of infection in sus¬ 
ceptible beet varieties. Strain 1 induj*ed severe symptoms in the 
susceptible variety and a high percentage of infection with mild to 
intermediate severity in the resistant variety. Strain 2 induced mild 
sym])toms in th(» susceptible variety" and a relatively high i)ercentage 
of infection but very mild symptoms in the resistant variety. Strain 3 
produced extremely sev(*rc symptoms in the susceptible plants but 
rarely infected a plant of the resistant strain, and any resistant beets 
infected developed very mild symptoms. Strain 4 gave mild S 3 mip- 
tonis in the susccfitible variety and a small jiercentage of infection 
with very mild symptoms in the resistant variety. 

The four virus strains may he roughly grouped according to the plan 
gdven in table 4, in which plus signs ( + ) indicate hi^h percentages of 
infection or relative^ severe svnnptoms and minus signs (—) indicate 
low per(*entages of infectum or relatively mild symptoms. This 
grouping is based upon data from a large number of comparativ^e 
inoculation experiments. The smallest number of plants involved 
was 86") in the case of susceptible plants tested with virus strain 4, 
whih' the largest number was 1,067 of the resistant plants tested with 
virus strain 1. 

Table 4.— (lasfiiJicniK)7i of virus siraitis according io ability to infect and seventy of 

syniptonis in sugar beets * * 


1 

Relative iicrccutage of 

Relative seventv of 

1 

j 

infection * 

‘symptonw in— 

V’irus strain Xo 

- 

-— 

—^ - —— 

— 


Susceptible 

Resistant 

SuM*eptible 

Resistant 


lieets 

lieets 

beets 

beets 

\'u. 

4* 

4 


i 

2 .. ... 

i 

4- 1 

— 


1 H ..j 

4- 1 


4- 

— ! 

^.; 

4" 1 

1 — j 


I 


* Plus signs (+) iiwlicate high fierceulages of infecUoti or relmively severe syniptonis, iniruis signs 
indicate low percentages of infection or relatively mild symptoms. 

The percentages of plants showing diffefent grades of severity of 
symptoms are presen ted.graphically in figure 2. 

Virus strains 1, 2, and 4 were readily maintained as ‘‘cultures" in 
either the susceptible or the resistant beets, but some difficulty was 
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SEVERITY OF SYMPTOMS (C7RADE) 



SEVERITY OF SYMPTOMS (GRADE) 

FlciURK 2. Peicentajiies of suRur-lieet plants bhowiuK <litTorent grades of severity of symptoms after inoeulii- 
tioQ with dihereiit c^irl^ top virus strains. (0«iio infection ) .1, Virus strum I, li, virus strum 2, <\ 
virus strain 3, I), virus strain 4 

experienced in the case of strain 3 because the youn^ suHcepti})le 
plants were often so severely injured tlint they died aiul very few of 
the resistant plants becahie infected. It was also found that virus 
strain 3, when obtained from resistant beets, frequently had undergone 
a change in virulence whicli appeared to be permknent. Further 
studies regarding virus changes^ with possible relation to virus strains, 
are in progress. 
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Sti/(Ue,s of Selected Strains oj Curly Top Virus 

REACTIONS OF OTHER HOSTS TO THE VIRUS STRAINS 

These four strains of curly top virus have been tested on tomato 
Lycopersicon esculentnm Mill.), tobacco {Nicotiaita tabacum L.), bean 
{Phaseolus rulyaris L.), plantain* (Plantago etecta Morris), and pepper- 
^rass {Lfpidiimi nitSdum Nutt.) 

Tt may be noted that the numerous hairs on tomato, tobacco, and 
bean seem to entangle and irritate the leafhoppers, resulting in their 
early death. Scraping the leaves gently with a safetv-razor blade or 
rubbing them with cloth to remove many of the hairs resulted in a 
greatly decreased mortality. Uidess other^\ise noted, four leaf- 
ho})})ers per plant were used on tomato, bean, and tobacco, and one 
lealhopper per plant on plantain and peppergrass. The leafhoppers 
were allowed to remain on the jdants for a week. 

The Stone variety of tomato was used, and the ])lants were inocu¬ 
lated when they were H to 4 indies tall. The results are given in 
table o. Virus strains I and 3 gave fairly high percentages of infec¬ 
tion, while strains 2 and 4 gave no infection. 

Inoculations into Turkish tobacco furnished data that are likewise 
jiresented in tabk' o. The plants were inoculated wlien they were 
2 to () inches tall. Four leafliopjiers jit^r plant were used for the 
January inoculation, and eight per plant for the March and May 
inoculations. The greater elfectiveness of the larger number of in¬ 
sects is clearly ajiparent. Percentages of infected plants in this host 
closely parallel those for tomato. Neither virus strain 2 nor strain 4 
produced any symptoms on tobacco, and numerous attempts to re¬ 
cover the virus from such inocidated plants gave negative results. 

Three varieties of bean were used, and inoculations were made be¬ 
fore the second leaf had opened out. The Ked Mexican variety was 
selected for extremely high resistance, and there was no evidence of 
infection on any of the inoculated plants. Attempts to recover the 
virus from these j)lants gave negative results. 

Two sekvted strains of Great Northern, namely, the Ellsworth 
strain and the University of Idaho No. 81 strain, were selected for 
intermediate resistan(*e. There was no evidence of any significant 
difference in the reactions of these two strains of bean, and the results 
from botli are included in table 5, Virus strain 4 gave a small amount 
of infection in these beans, wliUe strain 2 gave no infection. The 
Great Northern fiean variety, the plantain, and the peppergrass are 
the only liosts so far tested, except beet, that have served to differen¬ 
tiate virus strains 2 and 4, 

Tlie results of inoculation of Bountiful beans are given in table 5. 
There was a high percentage of infection with viic'h of the four strains 
of virus, but the syin})toms induced by strains 1 and J were markedly 
more severe than those induced by strains 2 and 4. Infection by 
strains ] and 8 resulted in early loss of leaves, complete cessation of 
growth, and relatively early death. 

The plantain {Plantago erecta) plays a very important role in the life 
of the sugar-beet leafliopper under California conditions, and its 
reaction to the different virus strains is o< particular interest. Tlie 
plants were inoculated iu the two- to four-leaf stage. Difficulty has 
lieen experienced in growing this plantain under greenliouse conditions 
and in being certain as to symptoms. It seems lUH^essary to rely upon 
curling and twisting of the leaves as symptoms in both the plantain 
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and tlie peppergrass. The severe cases are easily noted, unless the 
plant dies without maJdng appreciable growth after inoculation, but 
slight curling or twisting may be confused with some other type of 
injury or with normal growth changers. Table 5 giv(‘s the data thus 
far secured, 

Tablk — Effect on various hosts of inoculations %mlh different strains of virus of 

curly top of sugar beet 

tomato 



Strain 


Strain 2 

Stlain 3 

Viinoly and date 

Planti. 

inocu- 

Isded 

Plant'- in¬ 
fected 

Plants 

inocu¬ 

lated 

Plants in¬ 
fected 

Plants 

inocu¬ 

lated 

Plants in¬ 
fected 

Stone. 

Juno 20, P»3r). 

Num¬ 

ber 

00 

Num¬ 

ber 

20 

Per¬ 

cent 

43 

7.i 

31 

Num¬ 

ber 

fU) 

80 

10 

Num¬ 

ber 

0 

0 

0 

Ptr- 

cent 

0 

0 

0 

Num¬ 

ber 

40 
40 i 
52 

Num¬ 

ber 

19 

19 

IS 

Pet- 

cent 

4s 
4S 
35 i 

July 20, 1935. 

May 2S, 1930 .. . 

112 

30 

82 

J1 

Total.. i 

20H 

H9 

57 

1.5(» 

0 

0 

132 1 

I 

50 

42 

— 

— 


_ — 

... 

— 


1 




strain 4 


Plants 

in<K*n- 

latad 


riaiils iti- 
fia'led 


Amw- 

her 

20 

20 

17 


Nu m* 
htT 
0 
0 


Pu- 

Cfllt 


0 

0 

0 



0 


.Ittli l7,]WfL, . . 
Mar 3, mm.. .. 
May 28, im - ... 

Total. 


Oreat Northern 
Jtily 27, im 
Sept. 10, 1035 
Job U. 

Total_ 

Bountiful 

July 27, 1935 . 


TVIIKISH TOP VIX^O 


19 

7 

•t: 

1 

19 1 

0 

0 

57 

IS 

32 

' ,J 


71 

50 

70 

2t» ! 

0 

0 


31 



0 

40 

33 

S3 

H! 

0 

0 

fiO 


73 

“'i 

0 

130 

90 1 

09 1 

i 

47 1 

0 1 

J 


! 

' 1 

iI3 j 

j 

[ 

0 


HK \N 


05 

28 

43 

34 

0 

0 

3.1 

4 

12 

10 

1 

10 

(Ml 

18 

30 

24 

0 

{) 

57 

27 

17 

n 

1 

.'0 

7f) 

10 

21 

0 

0 

0 

341 

184 

51 

30 

3 

8 

201 

02 : 


68 

(» 

0 

432 

I 215 

.50 


1 '' 

10 

58 



32 

21 j 

00 j 

32 

12s 

88 

1 8 

I . 1 

8 

1- , ' 

100 


P CANT AIN 


Nov. 27, 1935 . . 

11 

0 

55 

1 i 

0 

0 

a 

8 

73 

10. 

1 i 

10 

Feb. 7, 1930 . 

.54 

32 

.59 

■29 1 

0 

0 

13 

35 

81 ' 

« i 

0 

0 

Mar. 2 : 1 . 19.30. 

189 i 

135 

71 

70 I 

0 

0 ! 

199 

124 

0*2 

5() 1 

2 

4 

May 1, 1930 . 

05 

54 

8.3 

32 

0 

0 

.^j 

87 

87 

33 j 

d 

0 

Total ..._ 1 

319 

227 

71 

i:48 

0 

0 

352 

2r>4 

72 

107 1 

3 

3 

— _ — , . J 

_ 


. _ 

_ i 



1 

_ 

' _ 

1 

' . 

L- 


FKPPEKaitASS 


Nov. 27, 1935 .V.. i 

112 

60 

46 

41 

0 

0 

74 

06 

88 

3K 

1 

3 

Feb.7,1930. . 

87 

64 1 

02 

40 

0 

0 

09 

04 

93 

20 

1 i 

5 

May 1, 1930._ . . 

56 

41 j 

76 

27 

0 

0 

81 

08 

84 

20 

‘■^ 

S 

Total .. - . 

254 

145 i 

57 

114 

0 

0 

224 

197 

88 

84 

4 

6 


» About 70 pertient of the Bountiful bean plauts mfectod with virus strains 1 or 3 lost their teriniual buds 
and ceased all growth in less than 3 weeku after inoculation 


Some infection was obtained with virus strain 4 but none with 
strain 2, while relatively high infection percentages were secured with 
V strains 1 and 3. 
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To study these strains of viiHis in Flaritayo under more nearly 
natural conditions, inoculations were made upon plants grown in 
cages in the field. Tl)e {)lantings were made in January, which was 
rather late for satisfactory results. Only three vii*us strains (1, 3, 
and 4) were used. The plants were grown under cloth-covered cageg; 
18 inches scpiare. WJien the plants were (> weeks old, those in each 
cage were inoculatcMj with one of the three virus strains used. These 
plants were test'ed in May, and eacli strain was recovered from the 
group that had been inoculated with it. • 

The native peppergrass is also an im[)ortant California host of the 
leafhopper. Inoculation results (table fi) were very similar to those 
from ])lantain. The percentage of plants infected with strain 4 was 
very low, and strain 3 gave a much higher rate of infection than 
strain 1. lie(‘ause of the occasional symptoms produced in plants 
inoculated with virus strain 4, it seemed desirable to test a number of 
the plants inoculated with strains 2 and 4. Nineteen plants inocu- 
late(l with strain 4 and 28 plants inoculated with strain 2 were tested 
by placing nonviruliferous leafhoppers on them and then transferring 
these hsafhojjpers to sus(‘eptible beets. In no case was there evidence 
of beet infection unless the ])e])pergrass had been graded as diseased. 

DISCUSSION 

It seems clearly demonstrated that curly top virus is a complex of 
strains that viin b(‘ separated into recognizable entities by differential 
liost-plant res[)onses. In this study four such strains have already 
been differentiated, and, considering the limited number of hosts 
used and virus sources tested, it a])pears certain that many other 
curly top virus strains will eventually be recognized. The existence 
of strains within the curly top virus may have a significant relation 
to breeding which seeks to develop further, in sugar beet or in other 
plants, varieties resistant to curh" lop. It is conceivable that a virus 
strain which had not previously been a factor might suddenly find 
favorable conditions for widespread development with more or less 
disastrous results. There are some sugar-beet varieties and many 
varieties of other economically important cro[) plants that have not 
b(*en tested with the four virus strains described in this paper. Thedr 
response to inoculation with any of these four virus strains cannot be 
predicted. 

In field studies or in cojnmercial sugar-beet fields, the prevalence 
of one or another strain of virus might result in (juite different symp¬ 
toms and injury. It is highly important to learn the factors that 
inlluence the predominance of any strain of virus in certain areas or 
during certain seasons. Sucli data are bein|f sought by field and 
greeiihouse studies of the virus strains in relation to native and over¬ 
wintering curly top host plants. 

These studies furnish at least a partial explanation of the incon¬ 
sistent or divergent results occasionally secured in curly top studies. 
An investigator testing virus strain 3 on resistant supir beet 11()7 
would certainly conclude that this variety is practically immune to 
curly top, but if the inoculum happened to be strain 1 this resistant 
variety would be rated %s quite susceptible to infection* and subject 
to appreciable injury. Similar discrepancies might easily occur as a 
result of work with any of the strains described. 
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The more virulent virus strains, 1 and 3, induce extremely severe 
CTmptoms on the most important overwintering hosts, Lepidium, 
Plantago, and filaree. The young plants are often killed or reduced 
to a very small, inconspicuous tuft of growth. This fact suggests 
that these highly virulent strains tend to l)e self-limiting under certain 
conditions and it may help to explain the p’eater prevalence of the 
less virulent strains during some seasons or in some (ireas. 

CONCLUSIONS AND SUMMARY 

Four curly top virus strains have been recognized by the differ¬ 
ential reactions of sugar beets, percentages of plants infected and 
severity of symptoms being used as the bases of comparison. Beets 
of the resistant line 1167 show^ed distinctive reactions to each of the 
four virus strains, and the susceptible beets gave reactions that 
differentiated strain 1 from strain 2, 1 from 3, 1 from 4, 2 from 3, and 
3 from 4. Virus strains 2'and 4 could not be separated by the 
responses of the susceptible test beets. 

In susceptible beets, virus strains I and 3 ituluced sevens symptoms, 
whereas strains 2 and 4 produced only mild syrniitoms. The per¬ 
centages of susceptible jdants infected were approximately the same 
for all four virus strains. 

In beets of the resistant line 1167, virus strain 1 induced obvious 
(not severe) symptoms, but strains 2, 3, and 4 produced only in(‘on- 
spicuous symptoms. 'Fhe percentages of resistant beets infected by 
virus strains 1 and 2 were high, whereas for strains 3 and 4 they w(‘rc 
very low. 

The more virulent strains, 1 and 3, were easily distinguished from 
the less virulent strains, 2 and 4, by inoculation into tobacco or 
tomato; butHhese hosts did not clifferentiate strain 1 from 3 or 2 
from 4. 

The bean varieties, as well as Fhintago mcta and lApidinm hiijdum, 
did not give responses that were satisfactory for distinguishing 
strain 1 from strain 3, although Lepidium gave a significant difference 
between strains 1 and 3 in the percentages of plants infected. 

These experiments show that the curly top virus exists as strains 
which vary hi ability to infect and injure different hosts. 




MOSAIC OF LIMA BEANS (PHASEOLUS LUNATUS 
MACROCARPUS) ‘ 

By Jj. L. Hartek 

Senior pathologist^ Division of Fruit and Vegetable Crops and Diseases, Hurean of 
Plant Industry, United States Department of Agriculture 

INTRODUCTION- 

In 1936 Ilartor (4)^ ])ul)lisliC(] an abstract calling attention to a 
mosaic of lima l)eans (Ph(m'oluf< lunatus macmcarjms Benth.)^ that 
appeared in Maryland in the summer of 1935. It was stnted therein 
that, wliile the symptoms of the disease somewhat resembled those of 
the common bean mosaic, it cmd<l not be transmitted to beans (P. 
7nilgari^ L.). For this and other reasons, it was believed to be different 
from bean mosaic and from the mosaics of other legumes. Certain 
symptoms obtained from inoculating the lima bean mosaic virus into 
tobacco (Xicidiarta tahacum L.), cucumber (Cucuinis satlribs L.), and 
broad})ean {Vicia faha L.) suggested its possible identity with or close 
relationship to the cucumber mosaic virus. 

Specimens of mosai(‘4nfected lima beans were collected in the breed¬ 
ing grounds of the Division of Fruit ami Vegetal>le Crops and Diseases 
located near Beltsville, Md., from a mixed population of hybrid j)rog- 
enies of lima beans. Five to ten percent of the plants were diseased 
and were scattered more or less indiscriminately over the field. The 
tirst sympt(»ms appeared in a mild form in July 1935. The number 
of diseased plants and the severity of the symptoms increased as the 
season advanced. A detailed study of lima bean mosaic was begun 
in Se])tember of the same year, when a number of infected plants were 
removed from tlie field to the greenhouse to provide a source of mosaic 
material for further study. These plants flourished under greenhouse 
conditions and in a few weeks produced an abundance of foliage show¬ 
ing the characteristic field symptoms of mosaic. 

The same symptoms were observed again in 1930 in the lima bean 
breeding trials, although a number of th(‘ more susceptible progenies 
had not been planted. 

DISTRIBUTION AND ECONOMIC IMPORTANCE 

Lima bean mosaic has been reported from widely separated sections of 
the country. McClintock (6*) reported its occurrence on several varie¬ 
ties of lima beans of the sieva type at Norfolk, Va., in 1916. It was 
not found on any of the large-seeded Fordhook’tj'pes. He concluded 
that, since lima beans had not been grown on the land previous to 
1916, the infection was curried by tlie seen!. Adams {!) briefly stated 
that a lima bean mosaic was generally distributed in Delaware in 
1923 and that it was of increasing importance in that State. Osner 

‘ Received for publication September 2, 1937; issued June, 1938. 

? Reference is mad© by numl>er (itiUic) to Literature Citoil, P. 995. 

3 In ordinary botanical usage, Pha»eoltis lunatus is the civet or sicva bmm and P. hiriatus macrochrpus the 
lima bean. 
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{8) listed it among the diseases of economic importance in Indiana in 
1917, and Harrison^ reported its occurrence on several varieties in 
New York in 1936. The writer observed the mosaic on several varie¬ 
ties in Michigan in 1920, and McCubbin has reported (though not 

f )tiblished) its occurrence on the Challenger lima in Cuba. Cook {2) 
isted the lima bean among the crops of Puerto Rico attacked by a 
virus which he suspected might be the same as the byan mosaic. It 
was not seed-borne, and Aphis rurnicis L. was thought to be a possi¬ 
ble vector. These reports of the wide geographical distribution of 
the disease indicate that its presence in any part of the country should 
occasion no surprise. 

No estimates are available as to the losses caused by the lima bean 
mosaic. Reports of its increasing (H'onomic importance and general 
observations indicate that it is on the increase and may eventually 
become a serious menace to the crop if susceptible varieties are more 
widely grown. 

MATERIALS AND METHODS 

SOURCE OF VIRUSES 

Tlie lima bean virus used in these experiments was obtaiiied orig¬ 
inally from field plantings near Beltsville, Md., or from ])lants grown 
in the greenhouse, where conditions could be (‘ontrolled and the plants 
proteiited against contamination by insc'cts carrying tlu' virus from 
other susceptible hosts. The virus is very potent in the leaves, and 
careful comparison of infected field- a ml greenhouse-grown plants 
showed the symptoms to be identical. 

Because of the close similaritv <>f the lima bean mosaic* to t he mosaic 
of cucumbers (3), the two causal viruses have been carefully compared.’’ 
To do this cfoss inoculations were made and a number of hosts sus¬ 
ceptible to the cucumber mosaic were inoculated wdth the virus from 
lima beans. 

METHODS 

Tlie method of inoculation employed was the one generally used in 
the mechanical transmission of viruses and was briefly as follows: A 
supply of viruliferous material, was maintained in the greenhouse by 
inoculation of lima beans and Turkish tobacco (Nicotiana iabacum). 
The inoculum was taken from the leaves of one or the other of these 
hosts. The leaves were thoroughly macerated and the juice was 
squeezed out through cheesecloth. To the liquid was added about 2 
volumes of water to 1 of plant juice. The ratio of w^ater to plant juice 
is not important, provided the dilution is not too great. Preparatory 
to inoculation, the leaves were dusted witli a small (juantity of finely 
pulverized carborundum powder. The inoculations w^ere made by 
rubbing the upper side of the primary leaves with a small quantity of 
absorbent cotton wrapped in cheeseclotli that had been dipped in the 
inoculum. The best results are obtained by rubbing only sufficiently 
hard to produce slight abrasions of the leaf. A few minutes after the 
leaves were rubbed, most of the inoculum was removed by spraying 
the leaves with a small amount of water. These methods have been 

<HARRISK)N, a.* Ti. VARIETAT. SUSCEPTTBIUTV OF LIMA BEANS TO MOSAIC. U. S. Bur. Plant IndUS. 
Plant Disease Reptr 20: 291. 1936. fMmieoEraj)hed ] 

»The cucumlwr virus and the celery virus, wfaiuU It closely resembles and which was used to a limited 
extent In a comparative study, were supplied by S. P. Doolittle, of the Division of Fruit and Vegetable 
Crops and Diseases. 
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followed more or less closely throughout these investigations and 
have given liigldy satisfactory results. 

Piosy RANGE 

Hundreds of lima beans, including most of the different varieties, 
and a considerable number of other plants have been inoculated with 
the lima bean lAosaic virus. A sufficient number of different gtmera 
were cinployed to show that the lima beaif mosaic virus will infect 
hosts widely separated in relationship. Because of the apparently 
close relationship of the lima bean mosaic to the cucumber mosaic, 
some of the plants known to be susceptible to the latter were used for 
comparison. The results of the host-range studies appear in the 
following tabulation: 

Plants inoouUit(*<l. Jieactwn^ 

('arntnia sativum L_ -{■ 

\^icofiann tnhacum L. (^Turk¬ 
ish) _____ -I 

Phasrolus vulgann L. (Refuge). 

Zi.unia elegans Jacq. (Double 

Fantasy)-. __ _ _ 

Liicoptrfiicnu tHCulcntum Mill 

(Globe)- _ - _ f 

Pisfun sativum L, (HurriKoiiK 
(Ilory) - -. _ _ - _ . _ . _ 

Lathi/rus odorattfs L ___ 

Phutolacca amvricaua L__ _ H 

Sitlanum mchmgena L. (Su¬ 
perior High Hush) __ _ 

('’apsirum aunuum L. (World 
Heater).... i- 

' Mums sjfinh ( —) indicate resistance, plus sipiis. (-f), Mjscepiit)ilit> 

S YM PTO M ATOLOG Y 

LIMA BEAN 

The symptoms of the lima bean mosaic can be described best by 
tracing the changes that take place in the plant, es})ecially in the 
leaves, from the first visible symptoms ])rogrevSsively through the. 
different stages of growth to the mature leaves. 

Similar to the mosaics of the many other hosts, the earliest symp¬ 
toms on lima bean are characterized by a slight clearing of the veins 
of the juvenile leaves, which is soon followed by some very striking 
leaf symptoms. The lamina of the leaflet may bend downward to 
an angle of 45° or more, accomjianied at the same time by a recurving 
downward of the midrib. Frecpiently, the plapt dies in this stage. 
If, however^ the attack is not severe enough to kill the plant, the 
leaflets ami the midribs in the processes of growth gradually resume 
their normal position. At this time or w hen the leaflets and midribs 
arc still curved downward, the vine grows from 1 to 2 inches long. 
The apical end of the vine often curves downward instead of assuming 
the erect position of a normal plant. The second pair of unfolding 
leaflets hang limply from the pulvinus. • 

Inoculations w^ere made by rubbing inoculum into the primary 
leaves at about the time fliey were fully grown or 1 or 2 (fays earlier; 
i. e., just before any vine growth had started. Under the most favor¬ 
able conditions, symptoms appear in 5 to 6 days. If the plant survives 
the first onshiiUght of the disease, vine growth starts and a full-sized 


Plants inoculaled--GoiitVl. Iteactum^ 


Polggoninu avhcalarv L-._ — 

Petunia hyhruta __ 

Viciafabn\4. (Broadbean)_ -j- 

Vigna siuensis Torner MUark 

and Blackeyo) __ -h 

Trifoliuni hghruhim T._— 

saliva F._ __ _ 

r/n-u Roth_ _ __ 

Lens esculenffi Moench __ _ — 

Phaseoliis calcarntus Ro\b__ . — 

Lupin us nlhus L ... 

Soja max (L.) PiiHU’-. __ 

Zea mags L ___ 

Zea mags evvria Bailoy__ + 
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plant may eventually result although the rate of growth is considerably 
retarded. The drooping lea ves slowly return to their normal position, 
and a slight yellow flecking may be observed at about this time (]>1. 
], ^4). Concomitantly with the further growth of the plant the flecks 
dn the leaves increase in number and size (pi. 1, B and C), Sometimes, 
instead of flecks, larger light-colored areas of various sizes occur, often, 
though not always, near the margin (pi. 1 , D and K). By the time 
the leaves reacli maturitv the flecks combine to form alternate light 
and dark spots characteristic of mosaic in many other plants. Irregu¬ 
larities in the growdh of different portions of the leaf, or otlier causes, 
result in the production of islands of raised or depressed spots (pi. I, 
F and G\ of various sizes, composed of dark-green tissue. The 
entire series of changes and symptoms is completed by the time the 
host has developed tlie third or fourth set of trifoliate leaves. 

Occasionally primary lesions occur on the inoculated primary leaves. 
They are characterized by a clearing of the veins an<l veiidets. This 
is accompanied by the development of spots, in the form of a distinct 
yellow' mottling, "that are distributed more or less uniformly over the 
entire leaf. The spots are indeterminate in outline and bear no dire(*t 
relation to the veins. The evidence of primary leaf infection occurs 
in about 5 days after inoculation. 

The lima bean virus has not been found to produce any symptoms 
on the pods. 

roWPKA 

Only local lesions are prckluced by the lima bean virus on the Black 
and on the Blackcye cowpea sinensis). These lesions are 

visible in 48 hours, and under favorable conditions (80^-100® (\) in 
36 to 40 houi:s. The3'^ appear as minute specks (pi. 2, /) that gradually 
enlarge and become somewhat irregular in outline. When fully 
developed thej^ range from O.o to 3.5 mm in diameter. These specks 
are purplish in color and sometimes are surrounded by a narrow band 
of light-green tissue. The centers of the spots are soinetimes gra,v in 
color. Local lesions may be produced on the trifoliate leaves, though 
the3^ develop there somewliat more slowl.y than on the primary leaves. 

The local lesions on the Black and on the Blackeye cowpea, which 
for the most part are very similar, differ in one or tw^o details. Tlie 
Black cow'pea lesions continue to increase in size for several days or 
until they attain a diameter of about 3.5 mm, whereas the lesions on 
the Blackeye cow pea remain small, usually not exceeding 1 or 2 mm 
in diameter. The difference in the size of the lesions is very con¬ 
sistent and apparently is strietty a varietal characteristic. 

f TOBACCO 

The lima bean virus on tobacco (Nwotlana tahacum) causes symp¬ 
toms that are characterized by retarded growth and a (dealing of the 
veins, accompanied by a slight yellowing of the young leaves 5 to 7 
days after inoculation. These early symptoms are frequently followed 
by the development of small yellowish spots (pi. 2, A) arranged more 
or less uniformly over the entire leaf. The spots gradually enlarge, 
some coalescing with others to form areas of various sizes and shapes 
(pL 2, jB). • No further changes occur on these leaves but those sub¬ 
sequently develo]>ed may acquire two distinct patterns, one in which 
there is a yellowing in large localized areas, circumscribed to some 
extent by the large lateral veins (pi. 2, C), and the <4her in which 
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1, B, C, JF, Stages m Byst.eiiiie infection of Ntrotiann tabaviim by lima beau virus; I), nrlmarv infection, 
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local lesions on leaves of V'jf/no sinmls (Black variety). ^ 
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Inrge portions of the tip (f)l. 2, E) or otlier parts of the leaf may be 
involved irrespective of the veins. These symptoms are not very 
different, if at all, from tliose caused by the cucumber virus. 

Primary lesions generally result on the inoculated leaf of tobjiccb. 
''rhese lesions are distributed more or less evenly over the lea^ 
and vary greatly in form and size. Kings or circles of light-green 
tissue sometimes form a portion of the mosaic pattern. The ciirular 
aiul other spotshind patterns are outlined by finely etched lines that 
differ markedly in general apjjearance from \he mosaic symptoms on 
other leaves of the plant. The assortment of patterns is illustrated 
by plate 2, />. 

PETUNIA 

The leaves of young plants of petunia (Petunia hyhrida) inoculated 
with the lima bean virus are slow to develop characteristic symptoms. 
Some stunting is evident in about 10 <lays, and soon thereafter the 
leaves show an unhealthy condition. Light-yellowish s])ots (pi. 2, 77), 
in<listin(‘t at first, appear distributed more or less uniformly over the 
entire leaf. 

When the plants become okler, the characteristic symptoms are 
very much changed. The mild mottling of young plants is replaced 
on the leaves of older ones by islands of badly malformed tissue, in 
which apparently uneciual growth of cells results in the production 
of dark-green blisterlike spots of various sizes. These malformed areas 
do not visually extend to the margin (pi. 2, F find G) of the leaf, 
although a considerable portion of the leaf may be affected. The 
leaves are much smalbu' than those on normal plants of the same age. 

PEPPER 

Fe[)per (Gapsicuni annnum)y when inoculated with the lima bean 
virus, do(‘s not always give consistent or uniform symptoms. A 
distinct retardation of growth is the first evidence of infection and is 
noticeable in from 10 to 14 days after inoculation, followed si»on 
thereafter by a slight clearing of the veins. The basal portion of the 
leaf is mon' or less uniformly yellowed (pi. 3, -^1), although sometimes 
yellowish irn^gularly shaped spots, distributed over the leaf and 
between the \eins, are <levelope<l instead. These sp(»4s resemble 
typical mottling, and can be seen to the best advantage bv transmitted 
light. The yellow' color of infected leaves gradually increases in 
intensity with the increased age of the plant. A slight copper color 
may replace some of the yellow in old leaves, fn the late stages of 
the disease, the. veinlets are perceptibly cleared, giving the leaf some¬ 
what the ajipearancc of network, 

TOMATO 

The tomato (Lycopersicon esculentum) plant is badly stunte<l and 
malformed when infected by the lima bean virus (pi. 3, 7>). The 
mosaic symptoms appear in about 10 days after inoculation. The 
leaves are mottled, and the new^ leaf and stem growth is decidedly 
filiform. The plants frequently die. 

CUCUMBER 

Young cucumber plants (Cucnmis satiims), when inoculated with 
the lima bean virus, show symptoms in about G to 10 days. Grow th 
is retarded, and there is a decided clearing of the veins of the leases. 
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The leaves are yellowed, the margins curl slightly upward, and as the 
plant becomes older a glossy appearance develops on the stem from 
the leaves to the roots. Plants so afl’ected die within a few days. 
The sym])toms are very similar in if not identical with those caused 
by the ciiciimbor virus. 

ZINNIA 

The lima bean virus on zinnia {Zirniia elegans) does.not cause much 
if any stunting of the plant. The symptoms appear in from 5 to 10 
days after inoculation. Soon thereafter mottling occurs on the leaves 
above the inoculated pair, the spots becoming more distin<*t with the 
increasing age of the plant. In the late stages of development, tlie 
light, and dark spots are sharjily defined. The apex of the leaf in 
most cases becomes unif(»rmly yellowed and very often growth of that, 
part of the leaf is retarded, causing some malformation (pi. 3, F). 
Mottling occurs on the petals and on the leaves of branches (levelope<l 
below the inoculated leaves. 


POKEWEED 

Pokeweed (Phi/tolrtcca awfr}cana)f like zinnia, is little injured by 
the lima bean vims. In about 2 weeks after inoculation light-yellow 
spots (pi. 3, C) appear scattered irregularly over the surface of the 
leaf. These spots have no definite outline and bear no order or ar¬ 
rangement in relation to the midrib and veins of the leal. 

BROADBKAN 

The broad bean (V/cn/ Jaba), although susceptible to the lima 
bean virus, has never given any consistent restilts in inoculation tests. 
Sometimes typical local lesions are produced, aiul occasional!v sys¬ 
temic infecfion has been obtained. If the inoculum is taken dire(‘tly 
from the lima bean plant, no local lesions, or only a very few, develop. 
If, however, the inoculum is derived from the Turkish tobac'co, 
typical local lesions (pi. 3, B) appear in about 4 or 5 <iays. Tln^se 
lesions are somewhat purplish, and while not so numerous as those on 
cowpea, they closely res<pmble them. What the diirerence in the 
viruses consists in is not certain, but it has been suggested that the 
virus is mqipe potent when taken from tobacco tlian when derived 
from lima bean. 

wSystemic infection occurs in a very small percentage of inoculations. 
The leaves are mottled, but little if any dwarfing of the plant results. 
When inoculated back to lima beans, the normal lima bean mosaic 
symptoms are always obtained. 


CORN 

• 

Wellman {11) showed that many plants of the Gramineae, among 
them corn {Zea mays) ^ were readily infected when inoculated with the 
celery mosaic virus. Price {9) proved later that the cucumber virus 
would also infect coni. The wnter has inoculated Zea mays with the 
lima bean virus and has obtained only very mild symptoms in the 
fonu of faint streaks characterized by a clearing of tlie veins. While 
the infection becomes systemic, no injury to the plant or retardation 
of growth i:e8ults. If, on the other hand, popcorn (Z. mays everta) 
is inoculated with the same virus very different results are obtained. 
In about 7 days after inoculation some yellowing of the leaves occurs, 
but the most striking symptoms are long alternate green and yellow 
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streaks ({>1. 3, E) on tlic leaves. Later, islands of yellow tissue develop 
outside or between the vascular bundles. These partly chlorotic 
areas vary greatly in size and form. The clisease increases in severity 
with the in<*rease in age of the plant. The symptoms become more 
conspicuous with each new leal developed until finally almost the 
entire leaf is uniformly yellowed. In the later stages of the most 
severe cases the margins of the leaves and the tips of young leaves die 
and turn brown. 

VARIETAL RESISTANCE AND SUSCEPTIBILITY 

No attempt has been made to collect all the different varieties of 
lima beajis. Tliose that have been included in the experiments were 
obtained from several seed (‘ompanics. The (juestion of synonymy 
has not been taken into account, each seed lot being carried under 
the name given it by the contributor. 

The results of identical inoculations i?hown in the following tabula¬ 
tion indicate that the small-seeded sieva types are susceptible to the 
lima bean virus, whereas the large-seeded Fordhook sorts are resistant. 
There seems to be no correlation of pole and bush varieties with 
susceptibility and resistance. 

Variety. R(actum ^ 

]nirf)ee H(*8t _ - 

Burp(*(‘ Iin])rove(l _ 

Carpenteria_ - _ _ 

CliallcMiger _ . - 

Detn)it Maiuinoth. 

Dreer Hush..- . _ _ 

Dwarf Large White. 

Early Jers(‘y __ — 

Fh^rida Hutler (pole)_ . -j- 

Florida Speckled__ H- 

Fordhook_ _ ~ 

Henderson Basil.. _ ... -f- 

Mniu.'* (~) indlcrtte resistanoe, plus signs (+), Misceptibility, 

TRANSMISSION 


Variety—Continued R*actum « 

Hopi- _ . _ . 4- 

Jack.son Wonder.. -r 

King of the Garden _ ___ 

Ijargo White. .. — 

Ix'viatlian... __ -- 

McCrea . _ — 

New Wonder.. __ _ — 

Seibert.. _ ._ _ — 

Sieva.. _ 4- 

Willow Leaf... -f 

Woods Prolific_ -f 


. SEED 

• » 

There is no evidence that the lima, bean mosaic is carried in the seed. 
In 1935, seed collected from mosaic plants in the field were planted 
and allowetl to gnnv until the third trifoliate leaf was fully developed. 
Of 892 plants from this seed that were carefully e.xamined, none had 
developetl mosaic. 

INSECTS 

The fact that insects transmit mosaic viruses from one plant to 
another is so wrell known that it w^aa not thought necessary to go ex¬ 
tensively into this phase of the problem. To demonstrate that the 
lima bean mosaic is no exception, however, a few experiments were 
conducted in which two species of aphids, Aphis gossypii Glov. and 
Myz^is persime (Sulz.),® were employed. 

The technique was that usually employed in studies of this kind and 
briefly was as follows: The aphids were reared in cages, Aphis gossypii 
on ciicumbers and My 2 lls persieae on pepper plants. Witen needed, 

0 These two colonies of aphids were each descended’from a single individual and were reared in cages to 
prevent mixing. The identifications were made by P. W. Mason, of the Bureau of Entomology and Plant 
Quarantine, U. S, Department of Agriculture. 
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a dozen or more indi\i(luals were transferred to mosaic lima bean 
plants and allowed to feed for about 24 hours. At the end of that 
time, younj? lima bean plants were introduced into the cage and the 
diseased plants cut down ^\^ith the expectation that the insects would 
crawl to the healthy plants and feed on them. 

The results were so striking as to leave no doubt of the ability of 
these insects to carry the virus. The symptoms produced were typi¬ 
cal of lima bean mosaic, and the damage was even more severe than 
when the inoculations were made mechanically by rubbing the juice 
of mosaic-infected plants into the leaves of healthy ones. At the end 
of 4 days the symptoms appeared, and in 5 days the terminal bud and 
young trifoliate leaves were badly malformed. Usually some of the 
plants died a few days later. The experiments with tluW t wo species 
of aphids were repeated several times with identical results. The 
objective of the experiment haWng l)een attained by (hmionstratiTig 
that insects may transmit the disease, no other insects were tried. It 
is not improbable that the same results might be accomplisluwl with 
other species of ajduds and even with other kinds of inscuus. 

PROPERTIES OF THE VIRUS 

The physical pro})erties of the \irus stuilieil were (1) aging iu vitro, 
(2) thermal inactivation, and (3) effect of dilution iu wabu*. Tliese 
properties were selected because it was believed that they would be 
useful in the identification of the virus or in demonstrating its relation¬ 
ship to otluu* \iruses to w hich it is apparently closely relat<Ml. 

AGING IN VITIU) 

Aging of the expresse<l juice of mosaic-infected ])lants may be usc^- 
ful in identifying a virus, if the exj)eriments are carried out under 
know’ll control conditions. These (onditions should duplicate as 
nearly as possible the ones originally employed in studying the virus 
with wdii<h the virus under investigation is to be compan'd. Un- 
fortunately no fixed standard has been followed by all inv(»stigators. 
Johnson and Hoggan (5) r^icommended a temperature of 22® C., and 
that temperature lias been employed. The leaves of lima bean ])lants 
infected wuth mosaic were ground to a fine pulf), and tlie jui(‘e was ex- 
tracted by squeezing it through chee.secloth. The undiluted juice 
was then stored in a stoppeml Erlenmeyer flask in the dark in an 
incubator held at a constant temperature (22® C.). Preliminary ex¬ 
periments showed that under those conditions tlic juice was virulif- 
erous for more than 24 hours, and no siiorter period of time was tried. 
At the end of each 24 hours, for a period of 12 days, a small quantity 
of the juice was remov'ed from the flask, diluted with about 2 parts of 
water, and used to inoculate 10 small tobacco plants. In order to 
avoid any possibility of introducing the virus of other plants, as for 
example, tobac<30, a separate dissecting needle wrapped in absorbent 
cotton was use<l for each plant. Symptoms appeared in about 5 <lays 
on plants inoculated with extracts that had been aged for the fimt 
3 to 4 days. With extracts aged longer than 4 days, the time between 
inoculation and the appearance of the first symptoms gradually in¬ 
creased with the increase in the length of' the aging period. The 
results of two separate experiments are shown in table 1. 
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In testing tlio lima bean viru'^ to dotormine the temperature pro¬ 
ducing inactivation, the usual method of suhjectinjr 2 c(‘ of an undi¬ 
luted plant extract in a glass tube to a constant temperature in a 
water bath for 10 minutes was employed. At the end of the heatifig 
])eriod the extract was rapidly cooled and was them diluted with about 
2 volumes of water. Higher dilution*^ were not em])loyed, since it was 
shown by McKinney (?) that dilutions of 1 to 100 or more reduced 
the [)oten(‘y of ^onie virus extract^'. The extract was obtained from 
lima b(*an plants. The combined results of several experiments are 
show n in table 2. 
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EFFECT OF dilution 

The extract was obtained from the leaves of lima bean plants, and 
the dilution was made with hydrant water. The combined results of 
several diffenuit experiments are shown in table 3. 
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DISCUSSION 

The facts presented thus far appear sufficient to w arrant the conclu¬ 
sion that tlu^re is a destructive and distinctive vdrus disease that pro¬ 
duces characteristic symptoms in certain vfirieties of lima beans. It 
has also been suggested tliat the causal virus is similar to.or identical 
with the cucumber virus of Doolittle (.f) (cucumber virus 1 of John¬ 
son). 
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It would be logical to assume that the lima bean virus might be a 
member of the group of legume viruses studied by Zaumeyer and 
Wade (13) f but in view ol the host range shown (table 1) this appears 
not to be the case. 

, The results of these investigations sliow that the lima beau virus 
produces sjunptoms similar to those caused by the cucumber and 
celery viruses on a number of different hosts. The host range of the 
celery virus has been extensiv^ely studied by WellnuOi (12) aiul was 
thought by liini to be differeuit from that of the cucumber mosaic 
virus. The celery mosaic virus, however, was later shown by l^rice {9) 
to be very similar to the cucumber virus and is considered by him to 
be no more than a strain of the latter. 

The lima bean virus is, witliout much doubt, very similar to the 
cucumber mosaic virus ami the celery virus. It can, therefore, be 
identified as a member of the cucumber virus group. Because i< 
differs in some respects from the cucumber virus, it remains to be 
determined whether these differences are sufficient to justify classify¬ 
ing it as a strain of the cucumber virus. It causes a type of primaly 
lesion on the inoculated leaves of tobacco jdants (pi. 2, />) not foiiml on 
other leaves of the plants and, so far as the author is aware, such legions 
do not occur on leaves of tobacco jdants inoculateil witli the virus 
from cucumber or celery. 

Perhaps the most significant ditrerence between the mosaic of 
lima bean and that of celery ami emumber is tliat the lima (>ean virus 
will infect Vivia faba while the viruses of celery and (‘ucumbiu* do not. 
No reference has been foiiml to results showing tluit the cehuy and 
cucumber viruses will cause any type of infection on the horsebean. 
On the other hand, lo<‘al and systemic infections are obtained when 
the broadbQan is inoculated with the lima bean virus. Although 
the percentages of local and systemic infections on the broadbean are 
comparatively low, the symptoms are clear ami convincing ami back- 
inoculations on tobacco or lima bean have yielded positive results. 
These differences seem to support the conclusion that tlrere is a j)os- 
sible strain difference betwt>en the cucumber and lima lauin viruses. 

Wellman (10) showed that a temperature of 75^ (\ for 10 miiiute^s 
was iie^cessary to inaetivato the eedery virus. In several e.xperiimuits 
conducted By the WTitt'r, the lima bean virus was inactivateal at 70^, 
and only a little more than 80 percent of the plants inoculated with 
extract that had been heated to 07.5^ for 10 minutes were iiifected. 

The gradual inactivation of plant viruses on aging in vitro has lieen 
regarded by some investigators as significant and useful in their 
classification. The writer has shown (table 1) that the lima bean 
virus retained its full potency for 5 days when stored at 22° C. The 
potency was somewhat reduced in 6 and 7 days and the virus w as com¬ 
pletely inactivated in 9 days. Only 1 plant out of a total of 20 in 
two experiments developed symptoms after the extract was aged for 
8 days. It was shown 1)3" Wellman that the celery virus withstood 
aging from 6 to 8 days at 18° to 20°, which might be expected because 
of the lower temperature used. The cucumber virus withstands even 
less aging, being usually inactivated in 3 to 4 days. The ability of the 
lima bean virus to withstand longer aging than the cucumber virus 
would seem' to indicate also that it is probably somewhat diffei^ent 
from the cucumber virus. 
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Except lor those mentioned, only slight difl’erene^»s can he detected 
ill symptomatology. The eueiimber and lima bean viruses have been 
compared on a number of different hosts and in general they agree 
closely. The lima bean and cucumber viruses both cause filiformities to 
the leaves of tomato, while the velery virus does not, according to t^ie 
work of Wellman {10). 

Wellman was unable to obtain local lesions or systemic infection 
of the Black cowjiea. In a parallel experiment the writer inoculated 
the Black cowjiea by rubbing the ujiper siriface of the leaf with viru- 
liferous juice of the celery, cucumber, and lima bean viruses, and 
obtained numerous local lesions in all cases. There appeared to be 
some slight differences in the characteristics of the lesions but it is 
not believed that they were sufficiently distinct to signify a diflerence 
in syinpti)matology. 

The n‘sults of these investigations indicate that the lima bean 
mosaic is caused by a virus very similar to that which causes cucumber 
mosaic, but not identical with it. Tlu^ slight differences observed in 
symptoms of the suscepts are not believed suflicient to justify desig¬ 
nating the causal virus as new and distinct but as a strain of the cu- 
(‘umber virus. The writer would suggest designating it as the lima 
b<»an mosaic* stiain of th<» cucumber virus. 

SUMMARY 

A mosaic disease of lima beans, similar to the mosaic of cucumber 
and celery, is described. The disease differs slightly in symptoma¬ 
tology on sev(‘ral different hosts. 

The following vari(*ties of lima beans were found to be susceptible: 
flaekson Wonder. Ilopi, Florida Speckled, Florida Butter. Hetulerson 
Bush, Woods Prolific*. Willow Leaf, and Sieva. The resistant varieties 
were Burpe<» Best, Burpee Improved, Carfjcnteria, Cdiallenger, De¬ 
troit Mammoth, Dwarf Large White, Dreer Bush, Pearly Jersey, 
Fordhook, Kirig of tlie (rarden. Leviathan, Large White, McCrea. 
New ^V(>n(f<u*, and Seibert. 

The lima bean virus differs slightly from the cucumber virus in 
symptomatology and in some of its pln'sical pro])erties, such as aging 
in vitro and inactivation upon heating. However, it does not differ 
enough from the cucumber virus to be classed as distinct. It is pro¬ 
posed, therefore, that it be designated as the lima bean mosaic strain 
of the cucumbcu* virus. 
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SAND DUNES OF RECENT ORIGIN IN THE SOUTHERN 

GREAT PLAINS* 


By J. Whitfield 2 

Sod coriH^tvafLonini, Sod CouHirvation ServicOf UniUd Stale^i Departnunt of 

Agriculture 

INTRODUCTION,, 

III rocent years, as a result of cultivation, ji;razing, and drought, 
sand dunes have developed on large areas of land Ihroiighout the 
southern threat Plains, especially between the C^anadian and Arkansas 
Rivers. Data secured from an aerial survey also show many such 
sites s<‘att(‘red through Colorado, Kansas, Nebraska, Wyoming, 
xNorth Dakota, and South Dakota. Their combined extent is ajiproxi- 
mately 15,000 acres. 

(Considerable effort has been expended to control and reclaim sand- 
dune areas throughout the world—in Palestine, Australia, Germany, 
France, the Cnited States, and many other countries. The usual 
treatment is to prevent sand movement through stabilization by means 
of vegetation Often barriers are constructed by artiiicial means 

to serve as protection against drifting sand. The relationships be¬ 
tween sand (lunes and vegetation have been discussed by a number of 
workers, among whom are Cowles (£), Harris (5, pp. 41 -Jpi), and 
Rempel (7). 

Th(» pJjysical characteristics of dunes, their formation, shaiie, size, 
and movement have been described by (\>rnish (7), Cowles (i). King 
(f/), Rempel (7), and others. Studies of sand movement and field 
operations to control it havi' been conducted on coastal, river, and 
lake dunes where there is a constant supply of sand. So far as can 
b(* determined, however, no experimental studies have been made of 
sand-dum\areas in the Great Plains. 

Three types of sand dunes are found in the (ireat Plains. The first 
and least extensive is tin* ^‘blow-out" type, which develops around 
wells or from roads and cattle trails. The second type, with which 
we are here concerned, develops as a I'esult of the destrviction of sur¬ 
face cover. Both of these types as a rule are bare of vegetation and 
are of recent origin. Th(' third type is formed by wind action on out- 
wash material and is usually fairly well stabilized by native vegetation. 

Sand dunes of recent origin are often found near older dunes, which 
indicates that in times past wind action has spread the out wash con¬ 
siderable distances, though not always in dune form. 

Studies dealing with the origin and charaetM' of the second type of 
dune area's and with methods of stabilizing and utilizing them were 
begun in January 193b by the Soil Conservation Service near Dalhart, 

1 Receiveii for piibHealioii Xoveml>er 15. iy3T. issued Juue 

2 Acknowledgment is made to several w orkers of the Soil Conservation Servi(‘p in Region (; for thoir assist* 
ance in making meusurements and for their suggestions and intere'^t m the problems Thanks are giien 
espeoiolly to B. U Hopkins, project niuimger, Dalhart, Te\ , un<i to J C\ Wileov, \marillo, Te\., for their 
aid and encouragement 

^ Reference is made by numiier (italic) to Literature Cited, p*t)l7 
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PallaiB County, Tax. Two thousand aores of land were obtained for 
study, 912 of which were leased. The remainder was obtained 
through cooperative agreement. The 2,0()0-acre area fell naturally 
into tiiree distinct dune plots. Aftei^measurements were taken, two 
plbts were found to be strikingly simil;ir (table 1). One of these, plot 1, 
was used as a work plot, and the other, plot 2, as a check. The third 
plot was in an earlier stage of dune formation, and the.stndy of dunes 
on this plot is not reported in this paper. 

Table 1.- land covevy sodsy and erotiion on dune phds 1 and i near Dalharly 
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SAND DUNES ON THE STUDY PLOT 

• ^ ^ 

The sand dunes of plot 1 like those of the elieck jjlot are on laud 

that had not been plowed before the formation of the dunes. They 
developed as a result of wind action on an 8()-aere field tliat lies to tlie 
southwest of the plots. This field was cultivated from 1907 to 1914 
and was then used for graziiifi. Dry years ami heavy grazing of the 
field prevented growth of sufficient vegetation to" hold the soil. 
According to the best nnformation obtainable/ it was in 1920 that 
small hummocks of sand were first noticed to be forming agtiinst fence 
rows and piling against buildings, and unpalatable plants (Russian- 
thistle and soapweed) began to appear. 

After 1929 striking growth of the dunes was noticed. Instead of 
forming on the original broken sod, however, the rlunes fewmed to the 
north and east, since the prevailing winds are from the southwest. As 
years passed the large dutfes shifted farther north and east, leaving 
large, completely denuded areas behind (fig. J). The coalescence of 

* From W. H. Lathom, I/and Oflice, Ualhart, Tex. 
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i’Ofi UK I ' Vn airjilunu \u'\n of a iNpical <lu’ie ''itu, <)it()b»*r l<fUi I'lu* m\im1 things are eist au<i nonh of 

tlie <lt‘nu<iwl area 


<luiu*s Cjuistvl i\ jjTunii iiuToase in (heir height as well as in their length 
and width. 

rsually the dunes have lon^sr. gently risin^^ windward slopes and 
eres(*<'nt-shaped le(‘ward slopes (H^. 21. Dunes as low as {) feet may 



Fuit'RE 2.*-A lypicjil .saml dune in the backfiround The windward sloi>© i« long and gently rising; the 
leew'ard sU>i>e is much more abrupt and generally crescent-shaiMid 


take this form and may pontimie to build up to greater heights when 
weeds become lodged on them or the packing of the sand prevents it 
from blowing. There is some evidence that crescentic sand dunes 
form most readily on hard, level substratum. There is also evidence 
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that the crescent shape of the leeward side accounts for the increase 
in size of the dune. Wlien the wind approaches the top of the dune 
it,drops its load of sand as a result of the formation of e<ldies or wind 
currents that move at right angles to the prevailing winds. 

ORIGINAL AND PRESENT VEGETATION 

Originally, the entire study plot was probably dominated by a 
mixed type of vegetation. Blue grama (Bouteloua gracUis fH. B. K.) 
Lag.) and buffalo ^n\^s*{Burhloe dactylou/es (Nutt.) Engelm.) were 
undoubtedly the conspicuous species on the g:ently rolling slo])es, and 
side-oats grama {Bouteloua vurtipendula (Michx.) Torr.) and silver 
beardgrass {Andropogon saccharokles Sw.) were found in depressions. 
Red three-awn (Aristida lo?iglsefa Steud.) and sand dropseed {Sjntro- 
bolus cryptandrus (Torr.) A. Gray) were species on immature .soils and 
in disturbed places. If plants of sand sage (Artemisia fdifolia Torr.) 
and Yucca glauca Nutt, were .present, they were ]>robably few. 

The conspicuous grass at present is blue grama, but relict plants of 
buffalo grass and the mid and tall grasses occur over the area. 

THE SAND-DUNE COMPLEX ON PLOTS 1 AND 2 

It must be kept in mind that plots 1 and 2 were similar in practically 
every respect to begin with, and that plot 1 is the plot on which tlie 
dunes were stabilized and plot 2 is the check plot. On both of the 
plots a typical sand-dune complex consists of four distinct divisions: 
(1) The siind dunes; (2) ennlecl land, which occ\irs to the west of and 
between the dunes; (8) surrounding vegetated land: and (4) a border- 
area that separates the sand dunes and t^roded land from the adjacamt 
less affected portion. 

THE SANT) DUNES 

The sand dunes range from 50 to 770 yards in lengtl) and ai'e 
generally 110 to 50 yards wide (frg. .S). Their height depends, appar- 



FaiUBB 3.—Sand dunes alternate with areas of hard, blown*out land. This dune Is approximately 22 feet 

in belKht. 
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ently, on their a^e and the direction and velocity o1f*^the wind. Data 
regarding dunes on plot 1 in 1935-36 are given in tables 2 and 3. 
Tlie lieight of the highest dune measured in 1930 was 20 feet (table 3). 
The axis of most of the dunes is east and west, but in sonuTtt'may be a 
little southeast and northwest, tV^ig to the direction of the prevailing 
wund. The dunes are irregularly spaced, the distance between them 
ranging from 50 to 400 yards. They are generally compact beneath 
and moist a few inches below the surface. 


Taule 2 .—Xunther of duncft, classified as to length and width, on plot 7, insd-dd 
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'I'xBLK 15, Height of d doiits on plot /, lOSo- dd ^ 

^ oar ' No 1 1 No 2 I No .1 No -1 No o No h 
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t'nf ' I iti I hot i Fid ; tfd I 1 III 

\\m ' 12 ' 12 ! 14 , 11 * * lo IS 

193<> . - 21 1 24 1 IS ' 25 1 •>♦> 1 21 

: I ! I I i 

* Iloj^ht of .til duTU's nitiued fioiu 1 to 111 fool in 11135, tuul from 2 to 2h foot in liri<>. 

THE SUBSTR\TUM 

The substratum on which the dunes rest, as well as that betw^H^n 
and aroujul tliem, is very compact, hartl, and fairly level It consists 
of the subsoils of uncultivated land that has been eroded to various 
depths, in* some places to as much as 4 feet. The fact that the pre¬ 
vailing winds are from the southwest accounts for there being large 
areas of hard substratum to the west and south of the dunes and 
accunndations of saml from (> inches to 2 feet in de])th to the north 
and east. In ])laces this hard land assumes the appearance of desert 
pavement, owing to the exposure of caliche aiul other fragments too 
heavy to be moved by the wind. 

THE CRITIC\L AREA 

The critical area is an ecotoue or border strip that lies between the 
range grassland and the eroded substratum* and dune lands. This 
border is* designated ^‘critical area” because of its hummocked condi¬ 
tion and the presence of piles of loose sand devoid of vegetation that 
make it a possible source of materials for dune development, and 
because it possesses other characteristics that apparently aid in dune 
formation, such as vidnerability to the winds that sweep unliindered 
across the hard land, picking up material as they go. 

THE MOVEMENT OF DUNES 

•• » 

Small dunes or mounds coalesce to fonn large dunes. In dune 
1935, according to a survey of the Operations Division of the Soil 
C\mservat\on'Service project at Dalhart, Tex., there were on plot 1 
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Home 50 small duties from 2 to 18 feet in height and of various lengths 
and widths. Although some were merging, most of them were distinct. 
In June 1930 on tlie same plot there were only five relatively large 
dunes a,n'(i*1fiine outlying smaller ones (table 2). 

•When diiiu^s are small, their rate ojy^iovement is very rapid. Meas¬ 
urements over a 2-week period showed that one dune moved as much 
as 26 feet. Most of this movement undoubtedly oceurreil in tlie 
course of the one storm lasting several hours that took plae(» during 
this period. 

When dunes reach a heiglit of more than 16 feet, their movement 
is less rapid. Measurements of the larger dunes, however, showed 

that they had progressed 
in a northeast dircK'tion 
an average of 37 feet in 
1 year, tlie sand being 
rapidly removed from 
the west end of the dunes 
and added to other dunes 
to the north and east. 

The rate of wind move¬ 
ment is one of the most 
influential factors in the 
moving of sand, but this 
force is deiinitely modi- 
fietl by local conditions. 
The greatest shifting of 
materials occurs during 
thes[)ring blowing season 
and when wind velocities 
are above 20 miles ])er 
hour. Asa rule, the high- 
(‘rthe velocity of the wind 
the greater the move¬ 
ment of the sand; but 
when the land is in condi¬ 
tion to blow’, as it often is 
in February, March, and 
April, w iiuis of low’ inten¬ 
sities move large quanti- 
tic's of material. 

Since the prevailing direction of the wind is from the southwest, 
the dunes are moving in a northeast direction. Severe windstorms, 
how^ever, come (Hit of t^e north and w^est, and although tluyy fail to 
change the location of the larger dunes, the slopes may be completely 
reversed, the steep leeward slope facing southwest and the w indward 
slope facing northeast (fig. 4), 

STABILIZATION OF DUNES 

Since large machinery is expensive and is not available to all farmers 
and ranchers, it was necessary to develop economical as well as efficient 
methods by yhich the sand-dune areas could be stabilized. One 
practical solution lay in the utilization of wind power to redistribute 
the materials that this same force had built up into dunes. This 
., 5 principle has been employed in practically all tlie work. 
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METHODS OF DECREASINd HEIGHT OF DUNl« 

Id order to decrease the licigjht of dimes sufficiently to permit their 
being effectively planted, which is necessary for stabilization, foiir 
means of facilitating movement were emjdoyed, namely,' (1) wind 
intensifiers, (2) drag-])ole, (3) ont'^^iy disk, and (4) tractor and blade. 

Wind Intex^ifiers 

Three ty|)es of intensifiers were triQ^J, the signboard (fig. 5), the 
gunny sa(*k, and the wind channel. The signlmard type was con¬ 
structed by nailing galvanized iron or boards between ])osts at difl'cr- 
ent heights aluive the sand level on the crest of the dune, (iunny 
sacks were tilleil witli sand and put at different s])aeings on top of the 
dune. Wind channels were dug in the dune; these were generally 
2 feet wide and 4 feet deep. 

The wind intensifiers were placeil at the crest of the dune. They 
])roved very ellicient in moving sand; large gaps 4, 5, and (> feet deej) 



Kk.i ke f). Simiboar.l ?m)i? df imeTKsifit‘r luiide of hoards and gal\ani7t*d iron and on the oiest of 

the dune. 


were dug out and the san<l was carried out beyond the crest. The 
sandbags were most effective, since they would lower as the wind re¬ 
moved the sand from around them. During one storm, a dune was 
lowered about 2 feet by the use of samlbags. The crest of the dune 
flattened down, and the dune itself moved forward i) to 10 feet. The 
use of wii]d intensifiers in lowding dunes diiP not prove to be prac¬ 
tical, however, because too much manual labor was recjuired both in 
setting them up ami in digging out those that had been undermined 
and had toppled over or were totally or partly covered by the moving 
sand during heavy windstorms. 

Drag Pole 

A second means of destroying the steep slope to the jeeward side 
of the dunes, and thus allowing the wind to carry the sand out beyond, 
is the use of a ilrag pole. The drag pole is an 8- by S-inch timber of 
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sufficient leiigt!i'^(for the largest dunes, 20 feet). One or two liorses 
are hitched to each end of the pole and it is dragged along the sharj) 
edge of the dune at right angles to the crest. Attaching a disk at the 
top aid^tw breaking down the steep slope. 

. The drag pole can be used advantageously than the wind 

intensifiers because it requires less Kand labor and a gn^ater area can be 
covered in a shorter period of time. By this means, as by the use of 
the intensifiers, the wind is prevented from forming tnldics and as a 
result it carries huge (jUKntiti^'s of sand out beyond the dune. The 
dune seems to move en masse when the crest is broken down by this 
method. One dune on which the drag pole was used was lowered 15 
feet in 0 months. 

Of the four methods here suggested for decreasing the height of 
dunes, the use of the drag pole is the most efficient as well as tiie most 
economical. Furthermore, as this method does not require the use 
of expensive machinery, it is practicable for the farmer and rancher. 

Onk-Way Disk 

The sandy material making up a dune often becom(‘s c()jnf)acte(l, 
owing to vegetative growth, trampling of stock, and rain. Tlu' best 
means yet found to loosen this .sand so that it can be moved by wind 
action is a one-way disk plow. Disk-liarrowing the dunes with teams 
is economical as well as effective. 

1’«A(’TOR AND P>L\I)K 

Another method employed to spread the sand is the use of a tractor 
and blade. By this means dunes can be flattened and leveled, and 
when it is supplemented by wind action, quick results are obtained. 
One dune worked in this way was lowered from 20 feet to 5 feet in 
0 months ami at the end of that time was in condition to l)e jdaiited 
(fig. fl). 

The pro(‘edure with the blade is to make one to three tutus over the 
highest points of the sand dune, after wdiich the e(pii[)ment is moved 
to another dune which is tfxuited similarly. This treatment gives the 
wind a chance to move the loose sand. From (> to, 12 of these treat¬ 
ments are generally necessary to affect materially the height of the 
dune. 

IJ.STING 

One method employed to prevent the sand’s moving from one dune 
to accumulate on another is that of listing the hard land around and 
between the dunes (fig. fl, ^1). This procedure prevents more sand 
from accumulating on fhe dune and also catclies the material blown off 
the dune. The need for deep listing cannot be overemphasized. 
Shallow-lisled areas have continued to blow, whereas the deep-listed 
lands on the experimental areas have not blown. Relisting has been 
done over much of the area, ami the soil, even that wdiich wuis badly 
eroded, has been mixed with saiul and other wund-blown material to 
such an extent that it is probable that a crop can be produced on 
most of it. 

. STABILIZATION THROUGH VEGETATION 

The development of a vegetative cover, whether cultivated crop or 
native vegetation, is necessaiy for complete stabilization. 
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The critical area between the Jiard eroded land of thU^’study plot and 
the native pasture was a mass of loose, diifting sand, which was often 
hiimnio(*ked by the Russian-thistle that ^rew^ there. Listing this area 
and planting it to grain sorglmms held the sand and preveifled'it froiu 



PiM Kfc () J, \n isolafed dune' \vj(h the tvpicdl half moon shai)e The hard land around thi'' dune has 
been listed i-f. The man Is standing approumafelj in the jihue octuraed h\ the lai in I Pins dune 
has piaeti(all> coalesced w^ith the one to the north It has lieen loi\ered upproxiniateK 15 feet 


being blowm across the hard land to cause further erosion and accumu¬ 
lation. 

As a resujt of listing the hard eroded lands and cutting off some of 
the inechanical action of* the wdnd by treating the critical area, vege¬ 
tation developed on many of the areas that were formerly bare. 
Although this cover was mainly Kussian-thistle, it was sufficient to 
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prevent blowiifg^aiid even to catch and hold the moving sand. On 
the check plot no weeds appeared on the hare land. 

The fine sandy soils composing the dunes, when properly cultivated 
aiid sujTjJtied with sufficient moisture, are capable of producing the 
abundant’ vegetation that is esa^ial to permanent stabilization. 
After the <1 lines had been lowered by mechanical means to a height 
that permitted their being effectively planted, various row-croj) species, 
Sudan grass, milo, kafir, and hegari, were drilled and listed over ancl 
around the dunes, and over ^^v'st of the area a sulfuuent stand was 
produced to protect the soil adequately (fig. 7). 



F[iii:ke7-- sue in fljjure 5, about It luonUih later. The oriKinal view was taken Iroin the pround, 
this pieture was taken from the top of an auloniobUe. (Jood 'Stands of Sudan jjrass, bl ick amber 
(jane, iincl kafir ha\e Krown on this once badly eroded area, both the hard substralnin and the s.md 
dunes now have a (‘over adetiuate to iii^otecl the soil from further erosion dunnji the comunt \e it 

Hay of sand reedgrass (Cnlamorilfa giganUa (Nutt.) Scribn. and 
Merr.) was spread over one dune, 1.1 acres in extent and more than 
10 feet high, in June 193t). By July 1937 a dense growth of sand 
reedgrass and Russian-tlustle completely covered this area, the 
Russiari-thistle dominating for the most part on the drier southwest 
exposure. The grass plants were of good height and formed a rela¬ 
tively thick stand. 


SUMMARY AND CONCLUSION 

Erosion hazards in the form of sand dunes have developed in recent 
years on large areas of land throughout the Oreat Plains. In January 
1936, the Soil Conservation Service initiated studies to determine the 
best methods of stabilizing and utilizing such sites. To accomplish 
this objective it was necessary to investigate the origin and character 
of sand dune areas. 

As a result of these studies it was found tlfat the sand dunes could 
be effectively lowered by utilizing the forc^ of the wind to redistribute 
the materials that this same force had built up into dunes and that 
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over most of the area a siiffieient cover crop coul(M)e produced to 
protect the soil ade(|uately a^aiust further erosion. 

This study imlicates that the better land is capable of j)roducing 
^ood crops of grain sorghums if farmed in sucli a way as to prevent soil 
drifts Oi) and also that these dur^e^ites can be returned to^rass. 
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THE EFFECT OF THE X FACTOR, OF SODIUM CHLORIDE 

AND OF THE COMPOSITION OF THE NUTRIENT MEDIA 

UPON THE GROWTH OF THE FOWL CORYZA BACILLUS, 

HEMOPHILUS GALLINARTTM ‘ 

* 

liy J. P. J)elaplane, associate poulinj husbandman, Rhode Island Agnculiural 
Experiment Slatjorij Jj. E. Erwin, instructor in bacteriology, Rhode Island State 
College, and H. O. Stuart, Poultry Husbandman, Rhode Island Agricultural 
Experiment Station mmum * 

INTRODUCTION 

Tt)e recent work of Kessens * conceniing the nature of the growth 
requirements of the European fowl coryza bacillus indicates the need 
of the V factor and an additional factor, which he terms the C, or 
coryza factor, for its growth. Kessens found that the clotted-blood 
serum of the chicken and pigeon contains X, V, and (' factors, and 
thus meets the recpiirements for growth, while that of tlie horse, ox, 
sheep, goat, rabbit, and cat possess only the X factor and will not 
support growth. The C factor of chicken serum w^as destroyed by 
heating at 90° to 100° V. for 10 minutes. Chicken serum so'heated 
su])ported the grow^th of Ilaemophilufi infltienzae, but it w as unsuitable 
for the coryza bacillus (H. galHnarum)^ although it still possessed the 
X and V factors. As a result of these studies, Kessens suggests the 
name llaemophiluH coryzae for the organism inasmuch as the X factor 
was not required for growth. 

Sclialm and Beach ^ report the need of the X and V factors for 
grow’th of the American strains of the fowl coryza bacillus wdiich they 
studied. 

The w riters ^ observed a considerable difference in the amount of 
growtli that occurred with the coryza bacillus when chicken blood 
was used at the base of nutrient agar slants and when it w^as used in 
the form of a blood-broth medium. The writers ^ also obtained 
growth with serum from clotted horse blood diluted in the proportion 
of 1 : 0 with broth at the base of agar slants but not with the same 
diluted serum broth when used alone. 

The experiments herein described were conducted to determine 
what effects the us^ of the test-fluid medium at the base of^agar slants, 
as compared to its use alone, would have on the growth recpiirements 
of the Rhode Island strains of the fowl coryza bacillus as a result of 
the difference in growth cited. 

J Kectiived for puhluMAtion September 22, 1937, issued Juue 193H (Contribution No. 510of the Rhode 
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^ " EXPERIMENTAL DATA 

GROWTH FACTORS IN YEAST 

Since Tlijotta and Avery ® found that yeast supplies the V factor 
for Hemophilus injliunzae yeast attracts and yeast-cell suspensions 
were prepared to determine their value in supplying the factor neces¬ 
sary for growth of the fowl coryza bacillus. If the organism grew in 
the yeast media, inoculations for the various tests would be made from 
them and thus the possibility^wt^nld be avoided of a carry-over of the 
growth factors from the blood cultures that otherwise would have to 
serve as the source of inoculum. 

Boiled acidulated yeast extract supplies the V factor. Since Kes- 
sens ^ found that the C factor of chicken serum was destroyed by 
heating for 10 minutes at 90^ to 100^ the question arose as to 
whether this factor might not have been destroyed in preparing the 
boiled yeast extract. 

Pure dry Fleischmann’s irradiate<l yeast was prepared as follows: 
20 g of yeast was added to 100 cc of distilled water and stirred until 
as much as possible of the yeast was in suspension. The mat(u-ial 
was then centrifuged and a yellowish, clear, transparent, supeu-natant 
extract was obtained. A few drops of phenol red were added to the 
extract, and sodium hydroxide was used to adjust the pH until it 
was slightly alkaline to this indicator. The extract was again (*entri- 
fuged and passed through Seitz filters. The sterile yeast extract was 
added to the base of nutrient agar .slants (Difeo dehydrated nutrient 
agar, 23 g; sodium chloride, 8 g; water, 1,000 cc). 

Acidulated yeast was prepared according to the method of Thjrdta 
and Averyexcept that the filtrate', after boiling, was made slightly 
alkaline to jfihenol red by the addition of sodium hydroxide, then 
centrifuged, and passed through Seitz filters. 

Autoclaved blood extract was prepared according to the method 
described by Schalm and Beach.'^ The blood of chickens, sheiq), 
goats, and horses was used. Autoclaveil blood extract contains only 
the X factor. 

Pure cultures of yeast w.re used to determine whether suspensions 
of the yeast might supply soine of the growth refiuirements. Yeast 
was grown mi beerwort agar, and the cells were wakhed into suspen¬ 
sion with sterile physiological saline solution. The pH of the sus¬ 
pension was adjusted to the neutral point as indicated by phenol red. 

Two Rhode Island strains of the organism were used for these 
studies, cultures 44 and 80. Chilture 44 had been cultured for over 
3 years in the writers’ laboratory; culture 80 had only recently been 
isolated from a field type of coryza. 

Growth occurred in the first tubes of yeast extract (unheated) 
when inoculated from the stock cultures (table 1). Attempts to 
continue the culture in this type of extract by inoculating from the 
successful ones, failed after several attempts. However, upon the 
addition of a loopful of chicken red blood cells to each tube, grovtb 
occurred after inoculation, as in the first tubes inoculated from the 
stock cultures. 

« Thj6tta, T., and Avery, O. T. atudies on bacteiual nutrition, h. <»bowth ACCE8.soRy sub¬ 
stances IN the cui'tivation of HEMOFHILIC BACiLU. Jour. Expt. 34: »7-114. 1921. 

7 KessENS, B. H . Se«» footnote? 2. 

* Th/Otta, T., and Avery, 0. T. See footnote 6. 

• ScHAi/M. 0. W., and Beach, J K. See footnote 3. 
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The addition of autoclaved blood extract from thfj chicken, sheep, 
goat, and horse to tlie yeast extract also completed the growth re¬ 
quirements (table 1). 

The boiled yeast extract plus autoclaved blood extract gave only 
a poor growth, indicating the destruction of some substance as n 
result of boiling. Since Kessens ^ called this the C factor, it will be 
so refered to here. 

"rAHLE 1. - Growth of the fowl coryza hacdluti in yvn^t extract and in yeast suspension 
at the base of nu&^hTagar stants 
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It is evident tliat yeast extract (unheated) possesses both the V 
and the C factors, which alone are insuflicient for growth. It meets 
the requirements for growth upon the addition of blood or autoclaved 
l)lood extract containing the X factor. 

Boiled yeast oxtract contains the V factor and very little of the C 
factor, as indicated by the results obtained with this preparation plus 
autoclaved blood extract. Thus, the presence of the X and V factoi’s 
do not suffice for good growth of the fowl coryza bacillus. Growth 
is good, however, in the presence of the X, V, and C factors, as indi¬ 
cated by the use of the unheated yeast extract (line 1, table 1). 

The growth obtained from the inoculation of the 3 ’east extract from 
the stock blood culture can probably be explained on the assumption 
that sufficient of the X factor was carried over in the inoculum. 
Thjotta and Avery “ noted this in their studies of Hemophilus 
influenzae. 

The autoclaved blood extract failed to give any growth, showing 
that other factors, in addition to the X factor are essential for growth 
(table 1). 

Suspensions of the yeast cells plus autcHclaved blood extract met the 
growth requirements.. The suspension of yeast cells.failed in this 
respect (table 1). 


K RM8ENH, B. H. Sdie footnote 2. 

» Thj5tta, T., and A very. O. T. See footnote 6. 
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GROWTH FACTORS 1>J CLOTTED-BLOOD SERUM OF HORSE, SHEEP, GOAT. COW, RABBIT, 
PIG. TURKEY, AND CHICKEN 

In each instance the serum employed in these studies w^as obtained 
from onl5^ one animal of a species, except that of the chicken. The 
blood was collected in dry, sterile glass bottles and permitted to clot 
without any agitation. The serum* w^as removed, centrifuged, and 
passed through Seitz filters for sterilization. 

The serum for each test was added to the broth in tlie proportion 
of 1:20. •• 

Some of each serum-broth mixture was placed in sterile tubes and 
some at the base of nutrient agar slants. All were inoculated from 
cultures maintained in yeast extract plus autoclaved blood extract 
at the base of nutrient agar slants. 

Slides for microscopic examination were prepared from each culture 
after 24 and 48 hours’ incubation at 37° C. After 48 hours’ incuba¬ 
tion, material from each tube was used to inoculate sterile citrated 
chicken blood at tlie base of agar slants to check for growth and for 
any contamination that might arise. 

Growth did not occur in the serum broth tubes of any of the animal 
seruins except those of the chicken and turko^^ (table 2). The s(»rum 
broth of each animal at the base of nutrient agar slants show^ed 
growth in each instance, as indicated by the fact tliat the organisms 
were recovered in citrated chicken blood at the base of rmtrient agar 
slants. Grow^th was particularly good in the serum of the chicken, 
turkey, sheep, and goat, and was poor in that of the horse, cow, rabbit, 
and pig. In the case of the c'ow and pig seruins, grow th was evitlent 
only at the time of the examination of the chicken blood which had 
been inoculated from these particular cultures. These results confirm 
observations previously rnade hj the writers*'^ that with chicken 
blood there is* an appreciable difference in the amount of grow th 
obtained in blood broth alone and that obtained in the same material 
at the base of nutrient agar slants. 

The question might arise as to whether the organisrnts grew' or 
whether they merely surviveil in certain of the serums inasmuch as 
recovery of the organisms in chicken blood was used as an indication 
of growth. In no instance was growth obtained from the serum 
broth tubes from the control broths; so it must be'concluded either 
that growth did occur, or that the material at the base of the agar 
slants was more suitable for the maintenance of the organisms. ' 

In the case of the sheep, goat, chicken, and turkey serums the broth 
in dilutions of 1:20 at the base of nutident agar slants was sufficient 
for continued growth when transfers from the respective tubes were 
used to inoculate similar ones. Such was not the case wdth the 
serums of horse, cow, rafcbit, or pig, as growth could not be continued. 
These tests indicate that the serum of tlie particular animal employed 
varied in the concentration of the growth factors when it was used at 
the base of nutrient agar slants and, except in the case of the chicken 
and turkey, that it would not support growth when used alone. 

^rum from clotted chicken Dlood diluted 1 :20 wdth broth was 
boiled 10 miiuites, permitted to cool at room temperature, and trans¬ 
ferred to sterile tubes and to the base of nutrient agar slants. There 
was no grow^th in the heated serum broth in sfterile tubes, but in the 

w Broth, except where the swiiiim chloride varied in different tests, was prepared as follows: Beef extract. 

5 g; peptone, 6 g; salt, 6 ^ and water, I.CXK) cc. 

'' w DBtAPLAKB, J, Ebwin, L. E., and Stuart, ‘H. O. See footnote 4. 
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same material at the base of nutrient agar slants, growth oecurred 
(table 2). Apparently some change took place as a result of boiling, 
but the fact that growth occurred at the base of the agar slants indi¬ 
cates that the destruction was not complete, 

Tablk 2. -Growth of the fowl coryza fmcillus when serum from the clotted blood of 
various onimah 'was used %n broth at the base of ‘nutrient agar shmts and ivhen 
used ‘in broth alone. 
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Pig serum and broth (1:20) ... 


— 

— 

— 

Pig serum and broth (1 20) at base ot agar slants. 


— 

+4 

4-1- 

Turkey serum and Viroth (1:20) . . ... 
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Chieken serum and broth (1.20) hoile<l 10 minutes, at base of 
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’ -h 1 
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('ontrol broth... ....! 
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. __ 
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Ywkst extra/*! and uut<K‘lave«i red-blood cells at base <»f agar 
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4-4- 


I -f-ar,rr(iwih; -f—|-«goo<i ffTowth; ±*iK><)f KrowtU, —^no gronili 
* Chock medium conijjsted of chicken blood at the base of nutrient ajjar slants 


After noting the difference in reaction of the various serums when 
used with broth alone and when used wdtli broth at the base of agar 
slants, the writers made another test in which yeast extract plus auto¬ 
claved blood extract was used in sterile tubes and at the base of 
nutrient agar slants. No grow th occurred in the sterile tubes (table 2) 
but at the base of the agar slants grow th was good, 

* « 

THE POSSIBLE HOLE OF AGAR AS USED IN THESE EXPERIMENTS 

Since it was ajiparent that there is a difference between grow^th of 
the Rhode Island fowl coryza bacillus in serum broth and in serum 
broth at the base of agar slants, experiments to determine the nature 
of these differences were conducted. Since it had also been noted 
that differences in grow th could be detected wdth ilifferent jiercentages 
of sodium chloride in the agar when citrated*chicken blood was used 
at the bake of the agar slants. Accordingly an experiment was made 
in which a medium containing 1.5 percent of plain agar (without the 
addition of nutrients) was compared with a similar medium to wdiich 
0.8 percent of sodium chloride w’as added. The serum of sheep and 
goat diluted 1:20 with broth was used at the base of each type of 
agar slant. Yeast extract plus autoclaved red-blood extract w*as also 
used. No growth occurred at the base of the nonnutrient agar slants 
in either the serum or the yeast medium, but grow th did occur at the 
base of the nonnutrient salt agar slants (table 3). 


Unpublished data. 
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Table 3. — Growth of the fowl coryza bacillus when 1.5 percent of nonnutrient agar 
and 1.5 percent of nonnutrient agar plus 0.8 percent of sodium chloride were sub¬ 
stituted for nutrient agar 
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+4- i 
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‘ 4-*growth; +-f “good growth. — «rK) growth. 

» Check medium coii.sisted of ctiicken hlood at base of nutrient aK.ar .slants 

Table 4. — Effect on grotvth of the fowl coryza bacdlus of the addition of J percent of 
sodium chloride to the growth medium 
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Turkey serum and 2 jiercent NaCl broth (1:20). 

Chicken serum and 2 percent NaCl brotli (1 20). 
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Cow serum and 2 i»ercent NaCl broth (I:.5)_ . .. .. 

Jlabbit.fiemuj and 2 fiereent NaCl broth (1:5). . _ ... 

Pig serum and 2 t»er<‘ent NaCl broth (1:.5). .. 
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i 
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2 Check medium consistwi of chicken blood at base of nutrient agar slants. 


Table 4 sliows the results of studies in which a 2-percent sodium 
chloride broth was used with the serum of the various animals in the 
proportion of 1:20 to deterniine whether the agar could be completely 
replaced by it. The 1:20 dilutions of the horse, cow, rabbit, and pig 
serums did 'not support growth, but the goat, sheep, turkey, and 
chicken serums did support it. Later, the serum from the horse, cow, 
rabbit, and pig were used with a 2-percent sodium chloride broth in 
the proportion of 1:5. No growth could be detected microscopically 
except in the horse serum, but the organisms were recovered from the 
cow and rabbit upon the inoculation of chicken blood at the base of 
nutrient agar, slants. Yeast extract plus 2 ppreent sodium chloride 
and autoclaved blood extract failed to show growth, but when the 
same material was used at the base of nutrient agar slants growth 
/occurred. 
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To (letermine the optinuiin proportion of sodium chloride for growth 
of the organism, chicken serum in the proportion of 1:20 in broth 
without salt, and in broth containing 0.5, 0.8, 1.5, 2.0, 2.5, 8.0 and 
8.5 ]>ercent of salt was tested. ChickeJi serum diluted witli brotli in 
the proportion of 1:20 without siJt was used at tlie base bl nutrietit 
agar slants to which no sodium * chloride was added and witli the 
nutrient agar containing the same percentage of salt as the broths 
mentioned abdve. 


Tahle 5. -Growth, of the fowl coryza bacillus tn chicken scrum broth {1:20 dilution) 
and on nutnent agar when different percentages of salt were added 
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> (’hickon serum diluted 1*20 with tiroth without salt w'as used at the base of the nutrient apar slants 

2 -f^prowth; prowth; -»*no prowth, :t=»i>oor growth, X=growth obtained in chicken blood 

at the base of nutnent apar slants afier being imumlHted from these test media 

3 c’ontrols consisted of iiroth witli and without the resjiective amounts of salt used m each instance. 


The results (table 5) indicate that salt is essential for growth. The 
growth ranges from the 0.5 percent salt in the broth and agar up to 
2,5 percent for tl^e broth and to 8.0 percent for the agar,^the optimum 
concentration ninging between 1.5 and 2.0 percent for both the broth 
and agar. 

These tests indicate that sodium chloride contributes to the growth 
of the organisms as employed, but does not completely take the place 
of agar. That nutrients of the nutrient agar are not necessarily 
essential is also evident from these trials. Whether other salts could 
replace the sodium chloride has not been dek'rmined. 

SUMMARY AND CONCLUSIONS 

The need of the X factor for the growth of the Rhode Island strains 
of the fowl coryza bacillus is indicated by the failure of the organism 
to grow in yeast extract or yeast suspensions at the base of nutrient 
agar slants unless this factor is supplied in some manner, as by the 
addition of autoclaved blood extract, or when the medium used to 
inoculate the yeast extract is of blood and sufficient of tlie X factor is 
carried over in the inoculum. 
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Growth on y^ast extract prepared by boiling was poorer than that 
on yeast extract prepared without heat. Yeast-cell suspensions plus 
autoclaved blood extract supported growth. Yeast-cell suspensions 
alone did not. 

.The clotted-blood serum of tliejiorse, cow, sheep, goat, pig, and 
rabbit failed to support growth when employed in dilutions of 1:20 
in broth, but the same serum broth supported growth when used at 
the base of nutrient agar slants. This indicates that the growtli 
factors were not so conce^itriktiiii in the serum of these animals as in 
those of the chicken and turkey, but that this w^as partly compensated 
for wdien nutrient agar was employed; although, as shown by the 
controls, neither the agar nor the broth was capable of supplying 
these requirements. The serum of the horse, cow, rabbit, and pig 
in a dilution of 1:20 at the base of agar slants failed to give continued 
growth when transfers were made to additional tubes of the same 
serum medium, whereas continued cultivation was possible in the 
case of the sheep, goat, turkey, and chicken serums. 

A study of the role of agar in grow^th indicated that sodium chloride 
in the proportions used could partly but not comidetely replace agar 
in furnishing the requirements necessary for growth. 

That the factors in chicken serum in a dilution of 1:20 are adversely 
affected by boiling but are not completely destroyed is indicatefl by 
the fact that some growth occurred when the serum was used at the 
base of nutrient agar slants. 

The results of the tests with the serum of horse, sheep, goat, cow', 
and rabbit, when used in the dilution of 1:20 in broth, were similar 
to those reported by Kessens.'® That the same serum broths at the 
base of agar slants supported grow^th in some degree indicates that 
th^ were nqt entirely free from the growth factors. 

The results of the use of unheated yeast extract indicate that 
Hemojjhilus gallinarum> will not grow wdien only the V and C factors 
are present. The need of the X factor is indicated by the results 
obtained when autoclaved blood extract was added to* the yeast 
extract. Boiled yeast extract plus autoclaved blood extract does not 
support good growth although it (contains the X and V factors. 

Considerable differences in growth w^re noted in yeast extracts 
and serum broths when used alone and when us("d at the base of 
nutrient agar slants. 

Sodium chloride concentrations up to 2 percent was important in 
the growth of the organism and partly accounted for the results 
obtained in using the nutrient agar slants. 

No appreciable difference in growth was noted between the two 
strains of the organism that were used, although one had only recently 
been isolated and the other had been maintained in culture for more 
than 3 years. 

Kkssens, B, H. Seci footnote 2. 



A CRITICAL EVALUATION OF THE RAT-GROWTH METHOD 
FOR DETERMINING VITAMIN B AND ITS CONTENT IN 
MEALS FROM CERTAIN OILY SEEDS' 

By F. W. Sherwood, associate in animal nutrition^ and J. O. Halversov,* m 
charge^ animal nutrition research^ North Carolina Agricvlturdk Experiment 
Station * 

INTRODUCTION 

There is little published information on the amount of vitamin B 
in the more common oil press-cake^:^acfils,**namely, cottonseed meal, 
linseed meal, soybean meal, and peanut meal. Morrison 1013)'^ 

rates the amount present in peanut meal and in soybean meal as + +. 
Eddy and Dalldorf (6) state that cottonseed meal contains 65 In¬ 
ternational units of vitamin B per ounce. Others (ISj 21) have 
reported that cottonseed meal is a good source of this vitamin, hut 
they do not give quantitative figures. Munsell and DeV^aney {15) 
found that cottonseed flo\ir contains 5 Sherman units of vitamin B 
per gram. 

The assays reported here were made between 1929 and 1936 by 
the rat-growth method. In the early work no control rats on a 
stiuidanl of reference were used. Later a sample of dried brewers^ 
yeast was adopted as a standard and fed in parallel with the meals 
When the international vitamin B standard became available in 
1932 this reference yeast was assayed in terms of International 
units of vitamin B. 

Since the earlier assays could not be evaluated by direct comparison 
with a standard, it was of interest to determine whether some relation 
between growth response and vitamin B dosage could be found by 
which reasonably accurate estimates of the vitamin B potency could 
be made. 

EXPERIMENTAL PROCEDURE 

Rats, 22 to 26 days old and weigliing 40 to 50 g., were fed vitamin 
B-free basal ration \intil they ceased to gain in w^eight, usually 20 
days. They w^ere then placed in individual cages, having raised 
screen floors, and fed the basal ration and distilled w’^ater, ad libitum, 
together with a definite dail}" dosage of either the meal being testecl 
or the referenc/ standard, for 7 weeks. The rats were weighed 
thrice w^eekly. 

The basal ration of Hunt and Krauss {10) as modified by Sherwood 
and Halverson (17) was used. It consisted of purified casein 
18 percentr; washed corn starch, 64 percent; hydrogenated vegetable 
fat, 10 percent; agar-agar, 2 per cent; cod-liver oil, 2 percent; and 
McC\illum^s salt mixture No, 184, 4 percent, The salt mixture was 
later changed to that proposed by Wesson {20)^ 3,5 percent, and the 
starch W’as increased to 64.5 percent. In addition each rat received 
dail 3 ^ 0.3 g. of autoclaved dried brewers’ yeast which had been found 
to be free from vitamin B. 


» Ke<)ejlv<id for publication October 11, 1937; issiued June, 1938 Read before the Symposium on the 
Vitiunin B Complex, N'iiietydhird Meeting of the Amcncan Chemical Society, Chaiiel JIill, N. C., April 13, 
1937 

* Eeferonce is made by number (italic'' to Literature Citetl, pt 933. 
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ESTIMATING EQUATIONS 

There is no unanimity of opinion as to the form of an equation for 
expressing the relation between gain response and vitamin B dosage, 
Supplee, Bender, and Flanigan {19y jj. 373) state that there is ‘'a 
direct linear relationship between'.the rate of growth of white rats 
and the amount of vitamin B supplied in the ration.^’ Coward, 
Burn, Ling, and Morgan {^) concluded that there is adinear relation 
between the logarithm the vitamin B dosage per day and the 
total gain in the feeding periSliT' Schlutz and Knott (16) found that 
theii- results indicated a linear equation relating the logarithm of 
the total vitamin B eaten to the logarithm of the total gain in a given 
period. Dann and Cowgill (5) state that the vitamin B requirement 
for growth of female rats is proportional to the live-thirds power of 
the M^eight, 

Preliminary calculations indicated that linear equations of the ty])e 
1: International units of vitamin B i^er day = a + b (total gain) and 
2: Ix)garithm (International units of vitamin B per flay) -- a + b 
(total gain) 

seemed to fit the data for the rats getting the International standard 
better than others tried. Equation 1 is similar to that proposed by 
Supplee, Bender, and Flanigan, and 2 is CowanUs eciuation. The 
type proposed by Schlutz and Knott did not fit the results very well, 
the coefficient of correlation for a 4-week feeding period being 0.49. 

Table 1 shows the least-square solution of efpiations of types 1 
and 2 for a 4-week feeding period. It also gives the coefficients of 
correlation and the stamiard errors for feeding periods of 2 through 
7 weeks as computed from the results with the rats receiving the 
International vitamin B standard. 

The results at the end of the first week are not given in table. I 
because computation of the coefficients of variation in gain at weekly 
intervals for different groups of rats at different levels of the Inter¬ 
national vitamin B standard or of either of four samph^s of dried 
brewei*s' yeast, invariably showed that the variation in gain was 
greater at the end of the first week than at any subseqtient period. 
After the second (occasionally the third) week there was little change 
in the coefficient of variation provided the vita mm B dosage was 
above the maintenance level. 

Table 1. —Least-square solution of equations of types 1 and 2 for a /f-tveek feeding 
period^ and coefficients of correlation and standard errors for feeding periods of 
from 2 to 7 weeks computed from results with rats receiving the I nternaiwnal vitamin 
B standard 
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Estimating equations- ^ weeks 

1, arltiimetlc; Internattonal units of vitamin B»0.0148 (gain)+0.606. 

2p semilogarithmic; log. International units of vitamin B-«0.0080 (gain)<-0.2.W. 
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The eoofheient of eorrelation based upon the arithmetic relation 
between ^ain and dosage afiparently increases with the length of the 
test period. However, calculation of the significance of the dift’erences 
between these coefiicients by means of Fisher^s z transformation 
(Sy p. 18^) shows that they are ikot significant but may be due to 
chance. The coefficients based *on the sernilogarithmic relation 
(equation 2) seem to reach a maximum at 4 weeks, but again there is 
no significant difference between them. Both sets of correlation 
coefficients have about the same orc^^ iifagnitude. When tested 
by the analysis of variance method {8y p, 232) neither of the equations 
in table 1 is found to differ significantly from the linear. For these 
reasons there is little choice between these tw^o types of estimating 
equations, 

LENGTH OF FEEDING PERIOD 

Because of the seasonal variation in response (discussed later), the 
comparatively small number of rats used, and the absence of signifi¬ 
cant differences between the correlation coefficients for the different 
time intervals, this analysis does not show^ definitely the optimum 
length of test period. It indicates that a 2-w’eek^eriod is about as 
accurate as a longer one. Cow'ard (1) has concluded from her studies 
on a much larger number of rats that a 2-week feeding period yields 
more accurate results than a l-W'cek test and that “the increased 
accuracy obtained by carrying on a test for longer than two weeks 
is seldom worth the extra labour involved.’^ Schlutz and Knott ilO) 
liave found that a 10-dav feeding period yields valid results provided 
certain flrecautions, which they enumerate, are observed. On the 
otlier liand, Lassen (12) concludes that a 5-week feeding period yields 
the smallest mean error. 

More or less arbitrarily the arithmetic equation for the 4-W'eek period 
(equation 1, table 1) was used in estimating the vitamin B content 
of those meyis that were tested before the known standards of refer¬ 
ence were •adopted. Assuming that environmental and other un¬ 
controlled factors did not vary enough to invalidate the application of 
this equation to the earlier results, the standard error (0.21) show s that 
the vitamin B potency calculated from the grow th response of a single 
rat will not vary from the true value by more than ±().42*of an Inter¬ 
national B unit iff 95 percent of the trials. In the later assays 10 rats 
W’ere used on eacli of at least 2 dosage levels of the meals; but in the 
earlier work there were usually only fi reidicates. The accuracy of 
the equation with a probability of 0.05, for six rats, is twice the stan¬ 
dard error divided by the square root of 6—1, or approximately 
±0.2 of an International unit of vitamin B. 

VITAMIN B IN OIL PRESS-CAKE MEALS 

The results of the vitamin B assays are given in table 2. The 
sample of cottonseed flour, one sample of cottonseed meal, one of soy¬ 
bean meal, and two of peanut meal Avere run without reference 
standards, hence the vitamin B content was computed by means of 
the estimating equation. The potency of the raw%* shelled, Virginia 
Runner peanuts Avas /»alculated from previously published (17) 
growth-response data from this laboratory. Daniel and Munsell (4) 
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have used these same data for computing the vitamin B content of 
peanuts in terms of Sherman units. The amount of vitamin B in 

cottonseed-h ull bran 
was too small to be 
detected when fed at 
a level of 1 g per day. 

RELATION OF SEX TO 
GROWTH RESPONSE 

During the course of 
these assays an im¬ 
pression was obtained 
that the sex of the rat 
had little effect on 
the gain,rilthough ap- 
]) r o X i m a-J e 1 y eq ual 
numbers of males and 
females were used in 
each test. In order to 
clarify this point the 
avert ge daily vitamin 
B intake <yf each rat 
used in these assays (a 
total of 070 rats) was 
computed. These 



® ® ® ^ r ® ® ? figures were classified 

VITAMIN B PER D^v accordiiig to tho sex 

' of the rat and then 

grouped according to 

the gain in 4 weeks. The mean gain and the mean vitamin B intake for 
each group were then determined and plotted, as shown in figure 1. 

Figure 1 shows that there is no essential difference in the growth 
re^onse of the two sexes. 

Figure 1 illustrates also the linear relation between total gain and 
International units of vitamin B per day. The points fall approxi¬ 
mately on a straight line except at the ends. The lower end shows 


Figure l —Kelalion between vitamin B <losago and gam responsse 
, according to the sex of the test rat. 
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that O.f) International unit per day is the ininimum average amount 
required for maintenance and that losses in weight are not propor¬ 
tional to the vitamin B intake. Since comparatively few rats re¬ 
ceived as much as 1.0 International units per day no liigh degree of 
confidence can be placet] in the extreme upper end of the curve, but 
the results indicate that the linear*relation does not hold for females 
making gains of 45 g or more in 28 days or for males whose gains are 
more than 50 Apparentlv the growth response is slightly less for 
a given increase in vitamin B dosage^abore ^.5 units than it is when 
the dosage lies between 0.0 and 1.5 units per day. The fact that 
(\)ward’s data (/) extended considerably beyond these limits may 
account- for her finding a semilogarithmic relation between gain and 
vitamin B intake. 

SEASONAL VARIATION IN GROWTH RESPONSE 

General observation, while making tlie assays, indicated that there 
is a distinct seasonal variation in response to a given dosage of vita- 
iniji B. This variation is relatively unimportant when adequate con¬ 
trols on a known standard are used in parallel witlythe test animals. 
However, it does have a bearing on the intorpretam)n of results when 
the vitamin B unit employed is based upon the growth rate or when 
a curve of reference is used to evaluate the results, as in the earlier 
assays reported here. 

To (ietermine seasonal variation, a joint-function analysis between 
the vitamin B dosage of all 670 rats used in the assays and the gain 
in 28 days and the month in which the assay was started was made 
by the rnetliod descriV)ed by Ezekiel (7, pp, 277-294)• The results are 
summarized in figure 2. 

This series of curves shows a distinct seasonal variation in growth 
response for a given daily dose of vitamin B. From Sc^ptember to 
February O.fi of an International unit of vitamin B per day is not 
sufficient toilupply the maintenance requirements of the rats. Begin¬ 
ning in February and continuing to June, this amount of the vitamin 
promotes increasing gains, but about the first of July the needs of the 
animals increase so tliat by the first of September 0.6 of a unit is just 
sufli(*ient for rnainienance of weight. In June 0.0 of a unit promotes 
a gain of approximately 3 g per W'€%k, but in October 0.8o of a unit is 
required for the same gain. With larger doses of vitamin B the effect 
of seasonal variation becomes less marked and the peaks and valleys 
of the curves are shifted somew^hat to the left. 

Since the data for the individual years varied somewhat from the 
averages shown, the curves in figiii'e 2 should not be used as curves of 
estimate. Their use may yield fair approximations of vitamin B 
potency, but neither these curves nor the estimating equations given 
above are adequate substitutes for controls on a reference standard, 
maintained as a part of the assay. 

While the seasonal variation in vitamin B requirement does not 
coincide with the variation in the gains of nonnal rats as found by 
Levene (jfS), it is interesting to noto that (^owgill (^, p. ISO) quotes 
Braddon as saying relative to beriberi iti the Singapore Criminal 
Prison, outbreak occurred, as in former years, in 

August.’^ Also, it is reported (If, p. 22) that a condition apparently 
due to a deficiency of vitamin B becomes common among infants in 
Palestine wdth the approach of hot dry winds. 
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SUMMARY 

Soybean meal, peanut meal, cottonseed flour, cottonseeil meal, and 
linseed.meal have been found to be good sources of vitamin B. The 
values ranged from 1.1 International units of vitamin B per gram for 
a sample of soybean meal to 5.4 International units per gram in one 
sample of linseed meal. The other meals had intermediate values. 



MONTH ASSAY STARTED 


Figukk 2—Seasonal variations in gain of rats on different levels of vitamin Tl. Figures imticale dowino 

in International units 

Cottonseed-hull bran did not iontain an appi4«*iable amount of 
vitamin B. 

Raw shelled peanuts were found to contain 2.4 luternational units 
per gram when old data were interpreted by means of tJie estimating 
equation given in the text. 

A statistical study of the results of the assays by the rat-growth 
method shows that:" < 

(1) A feeding period is not long enough for the most accurate 
results. 

(2) There is no advantage in continuing the assay longer than 
3 weeks. 

(3) The relation between vitamin B dosage per day and total gain 
in the assay period may be expressed by a linear equation, provided 
the total gain is* less thaif 50 g in 4 weeks and the daily vitamin B 
dosage lies between 0.6 and 1.4 International units. 

(4) When the vitamin B dosage is within the limits just given there 
is no difference in response due to the sex of the rat. 
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(5) There is a seasonal variation in growtli response to a given dose 
of vitamin B. This variation is most marked when'the amount of 
vitamin B is only slightly greater than that required for maintenaiu^e. 
Rats upnarently need less vitamin B in the spring and early sumilior 
than in late summer and autumn.^ 

(()) A curve of reference may be helpful in interpreting the results 
of an assay, but it siiould not be substituted for adequate controls on 
a reference standard. 
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